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SECTION 1

INTRODUCTION

The U.S, EPA Region VII has requested the assistance of GCA to conduct an

inspection of Ehe ground tater monitoring program (40 CFR Part 265, subPart F)

as imptemented by Nixdorff-Metal Products Company at the Nixdorff-Lloyd Chain

Company plant (NLCC) in Maryville, Missouri, EPA I.D. /1M0D099238784.

The inspection conducted by GCA involved three phases:

Doeument Review;

Onsite Inspection; and

Evaluation.

The document review was designed to determine compliance with the

reporting and recordkeeping requirements of RCRA, and to evaluate Ehe

thoroughness and adequacy of the ground water monitoring program.

The onsite inspection evaluated the implementation of the ground water

monitoring program and provided additional data to supplemenE those data

obtained during the document revietr.
The final phase was an evaluation of the data obtained during the firet

two phases to provide an aasessment of the facility compliance with 40 CFR

265, subpart F.

a

a

a

I

I
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SECTION 2

FACILITY DESCRIPTION

LOCATION

Figure 1 shows a portion of the Maryville, MO USGS l5-minuce quadrangle

(1943) indicating the location of the facility as SE Ll4, SE Ll4, SE 1/4,

SW ll4, Section 16, Township 64N, Range 35W.

FACILITY OPERATIONS

Nixdorff-Lloyd Chain Company manufacEures bulk chains from metaL rods for
hardware chain, automobile and truck tire chain. A pickling liquor and

elecEroplating process was used in the pasE to treaE Ehe metal after which the

spent pickling liquor, electroplating bath sludge and sEripping and cleaning

sotutions were disposed of in their open lagoon. The lagoon is approximatety

1.30 acres in size with a total depth of 5 ft and a present, volume of between

approximacely 550,000 to 850,000 gallons. The insEallaEion of a clay liner
hras never completed for this surface impoundment. The plating process has not

been in operaEion since 1981 and spenE pickling liquor has not been dumped

since Ocrober 14, f981. The pickling liquor level hras aPproximaEely

3.5 to 4 fE belorr, t.he top of the dike surrounding the surface impoundmenE

during the GCA inspection of SepLember 21, 1984. Nixdorff-Lloyd plans to
install a wastewater Ereatment facility to Ereat the wastes in the lagoon.

The May 31, 1984 Missouri Department of Natural Resources RCRA inspection
report recommended thaE Nixdorff-Lloyd Chain Company close the surface

impoundment.

2
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REGIONAI, HYDROLOGY AND CEOLOGY

Nixdorff-Lloyd Chain Company lies in the Nodaway County of Northwestern

Missouri on moderately dissecred ti11 plains. The site lies within the

floodplain of the One Hundred and Two River drainage basin. This basin has a

4rainage area of 500 square miles at Maryville, Missouri. Overlying the

bedrock are deep loess and glacial drift deposits ranging from approximately

20 to 230 ft in thickness. Sedimentary rocks including Limestone and shale of
pennsylvania Age underlie these thick surficial deposits. The glacial drift
of Northern Missouri is generally composed of relatively impermeable sandy

clay ti11. In extreme northern Missouri sand and water-bearing channel-fil1

sand deposiEs are encountered as well as buried valleys and sand gravel

deposits in northwesEern Missouri. A complex system of buried valleys

underlie the settlemenEs of Maryville, Bedison, Conception Junction and Clyde

in Nodaway County. (Groundwater Resources of Nodaway County, MO, MDNR, WRR

No. 16; 1959.)

A Eypical northern Missouri profile of surficial deposits may be

comprised of the following:

Depth (fE) Overburden type

O_15 (+1)

,r_25 (+1)

,t-36 1+1)

Modified loess cover potential perched water table

Gray clay potenEial perched water table

Sandy cLay (gLacial til1)

On steeper slopes the clay layer may be totally absent with loess lying

directly on the till layer. A perched water table can develop at the contact

of either sequence of deposits. The til1 may be well jointed throughout the

vertical profile. Buried pre-glacial valleys or channels provide the best

water yields Eo we1ls in unconsolidated aquifers. Yields in unconsolidated

aquifers range between 2 to 500 gallons/minute. Recharge for Ehese buried

channels include storm drainage, infiltration through surficial deposits and

recharge ascending from confined (bedrock) aquifers. Artesian conditions can

exist in deeper we11s in glacial drift deposits. (Geologic AspecEs of
Hazardous-

Waste Isolation in Missouri t'OnR Engineering Geology Report No. 5 1981.)

4



The annual infilEraEion estimaLion for the One Hundred and Two River

Watershed is 3.1 in. (Missouri Geological Survey and WaEer Resources

Report 1f28). The average annual precipitation (1941-1980) for this region is

approximately 34 in. The (1956-1970) average annual "free hlater surface

evaporaEion" (term meaning evapotranspiration and pan evaPoration) is

approximately 40 to 42 in. Therefore, combining evaporaEion potential wiEh

precipitation averages shows a negative range of (-6 to -8 in.) for this

region (see Figure 10 of Climatic Atlas for Design of Land Application

Systems, I"IDNR, WP84-IG January 1984) in Appendix A. Figure 2 demonsEraEes the

occurrence of sporadic and highly variable precipitatioo EoEals during Ehe

years of 1982, 1983, and partial 1984. This data provides evidence of

poEenEial partial droughE and flooding over successive years. Therefore,

annual recharge of ground \dater from precipitation can be highly variable,

resulting in seasonal ground \^IaEer table f luctuations.

SITE GEOLOGY AND GROUND I^IATER HYDROLOGY

The Nixdorff-Lloyd Chain Company is located on the norEh side of

t{ighway 136 hear the western edge of the One Hundred and Two River floodplain
(see Figure 1).

The surface soil onsite consists of a silty loam and a very silty clay

( loess). permeability of this top soil has been estimated to be l0-7 cm/sec

by Dr. J. Hadley Williams (MDNR). The underlying deposits are highly

variable in permeabilities and thickness. Several perched hraLer tables can

occur in this modified loess/glacial ti11 depositional environment. Water

r^ras encountered at retatively shallow depths during RCRA monitoring well

installations on June 6, 1982. Test hole reports by Layne-lalestern Company

(f970) encountered gray clays co silty gray ctays until 19 ft below ground

surface (bgs). Between 19 and 27.5 ft bgs, a water-bearing zone of gray fine

to coarse sancls and some gravel was reported. Further exploraEion indicated

less permeable maferials of gr:ay sandy clays below 27.5 unEit a hardr EraY

limestt>ne-shale beclrock ,oras penetrated f rorn 86 to 90 f t (bgs). The RCRA

moni6oring wells have a maximum depth of 23 ft and extend just into Ehe water

bearing /s"n.l" described above.

5
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Figure 2. Maryville monthly precipitation totals.
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The Nixdorff-Lloyd chain company rdater supply well 1t2 rocated on Ehe

north side of the plant building is within 400 to 600 ft radius of the RCRA

wells and surface impoundmenE (see l'igure 3, Facility Plan Map). Well yields

for pumping of bofh wells (north and south) were noted to be 25 to

50 gallons/minute each according to faciliry personnel and Layne-WesEern Co.,

1970 (see Appendix A). Previous inspection reports have indicated the

possibiliEy of Lhe purnping wells inftuencing drawdown in the RCRA monitoring

we 1 1s.

DOCUMENT REVIEW

The ground water monitoring program was described in a series of

documents submiEted to EPA on June 25, 1982 by Mr. Edmund Hughes, Project

Engineer, Nixdorff-Lloyd Chain Company, St. Louis, MO 63178. The information

contained in the submiE.tal detailed the program and was sufficienr to allow

for an independenE assessment of the program adequacy. The submitEal included:

A Ground WaEer Sampling and Analysis Plan;

A draf t Ground l^Iat,er Quality AssessmenE Plan;

A rough draft facility site plan with well locations;

Supply well exploration logs provided by Layne Western Company, Inc.
showing screened intervals;

Soil boring logs;

Ground waEer depth data; and

A11 available ground water sampling resulEs.

The primary deficiency in this submittal hras a lack of surveyed well casing or

ground r^/ater elevaEions.

Based on this inforrnaEion, monitoring well placemenE, depth, consErucEion

and sampling Eechniques appeared adequaLe as described, pending onsife

inspecE ion.

Ground hrater monit.oring data were submitted for samples collect.ed on

July 14, 1982, October 14, 1982, January 13, 1983 and July 13, 1983. This

da;a represenEs the first four quarters of moniEoring as required by 40 CFR

7
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data represents Ehe first four quarEers of monitoring as required by 40 CFR

265.93. IE should be noEed Ehat the sampling and analysis was not conducEed

on a Erue quarEerly basis and in facE no samples were collected r:epresenEEive

of springtime conditions. The submitted four data sets hrould in effect skew

the background result.s toward dry season conditions. The facility also

submitt.ed a semiannual report based on the resulEs of sampling conducted on

AugusE 25, 1983. These samples were collecEed only 1 month afCer the fourth
quarter samples in July 1983 rather than 6 months later as implied by

semiannrral resulEs. The submitral available to GCA did not include

statistical analysis as required by 265.93. However, this statistical
analysis is alluded Eo in the July 10, 1984 IeLLer from Arthur H. Groner,

Missouri Department of Natural Resources to Mr. R. H. Lochman, Nixdorff-Lloyd
Chain Company.

The previously menEioned correspondence also poinEs out several other

deficiencies in the submitt.ed semiannual and annual reporEs. Primarily these

are a failure Eo determine actual ground hraEer elevaEions as required under

265.92(e) and general failure of the facility to pursue the resulEs of Eheir
rftrr LesEs into the assessment phase as required by 265.93.

Subsequent to fhis correspondence, however prior Eo GCArs inspecEion,

-\ixdorff-Lloyd Chain Companyrs Maryville faciliEy was purchased by LaCIede

lhain Company. The proceedings involved in this sale and Eheir effect on Ehe

above-mentioned violations are not documenE.ed in Ehe file informaEion

available co GCA during this inspection.

9



SECTION 3

ONSITE INSPECTION

GENERAL

On September 21, 1984, Mr. Paul Turina and Mr. Benjamin P. Berrios of

GCA/Technology Division, Bedford, Massachusetts, inspected the Nixdorff-Lloyd
Chain Company (nLcC) planE in Maryville, Missouri to determine NLCCrs

compliauce with RCRA interim sLatus ground hrater monitoring requirement.s.

The physical inspecEion was 1ed by Robert N. Schulte (President),

James Sears of Nixdorff Merals Corporation, and their Engineering ConsultanE,

Edmund llughes. Mr. Millard Stone of U.S. EPA and John Schofield of the

Missouri Department of Natural Resources also aceompanied GCA personnel

throughout Ehe dayt s acEivities.
The onsite inspection consisted of four elements:

A physical inspection of the RCRA monitoring wel1s;

A verification of the RCRA monitoring well locations;

AudiE measuremenEs of Ehe RCRA wells for tot.al well depth; depth to
vrater; and at two locations, conductivity, PH, and temperature of
the groundwaEer; and

MoniEoring Program discussions with facility personnel.

PHYSICAL INSPECTION

The physical inspection of rhe four RCRA wells required an assessment of

Ehe adequacy of their construction and maintenance, and included a photograph

of each well head. The photographs were t.aken with an Olympus "quick Flashil

35 mm camera and Kodak VR 100 color print film. The photographs are included

in Appendix B.

a

a

a

a
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The ground water monitoring well OW-1 designafed Ehe upgradient well was

found to have a quesLionable concrege collar or grout around the 6 in'

diameter steel guard pipe. The separation of Ehe outer protecEive pipe and

grouE has created a gap between surface soils and the cement seal providing a

poEenEial pathway for surface water into the borehole. The well itself is

also situated in a depression with borehole maEerial mounded up 6 to 8 in'

around the well. This provides a catch basin for surface waEer and other

potential materials from Ehe Highway Department (i.e., road sa1Es, etc') Ehat

lies just to the sout.h of the well (see photograph with Highway Department in

background). Good well construction practice should include a concrete collar

(sealed) around Ehe guartl pipe sloping away and down Eo ground surface' This

practice should be instituted at all four RCRA well locations'

The well construction details provided in the Layne-Western rePort are

summarized along $rith GCA's observaEion in Ehe Observation Well ConstrucEion

Summary Forms included in Appendix C.

WELL LOCATION VERIFICATION

trIe11 locaEions were verified by EriangulaEion and observation with

respect to adjacent identifiable landmarks. A Brunton@ compass was used along

wiEh an opEical range finder Eo obtain up to three bearings/distances for each

well. ln a few instances, the disEance to a known landmark was beyond the

range of our insErumenE. In this case, one or Ewo bearings/disEances were

utilized with a third shot consisting of a bearing only. Figure 3 shows the

locaLion of the moniEoring wells and Ehe evaPorative lagoon' l'1e11 OW-l

r.rpgradient was especially difficult to triangulate off the provided facility

plor for che following reasons. This upgradient well is off Ehe facility

property with a railroad grade and rrees separating if from view of the plant

faciliEies which are the only landmark to tie sightings into, other Ehan Ehe

railroad righE-of-way. sighEings were made to the Highway Department

buildings and sEorage Eanks, but Ehey have not been surveyed onto the facility

site map or Ehe USGS (1940) l5-minute quadrangle of Maryville, Missouri'

consequenEly, only OW-2, OW-3, and ow-4 wells were surveyed onto a landmark

and verified fo be wiChin the accuracy of Ehe compass and range finder'

11



AUDI'I MEASUTTEMENTS

The depth to static water level and rotal well depth of all four RCRA

wells were measured by electronic water level marker and double checked with a

100 fooE sEeel tape. This data is summarized in Table 1. A comparison r'rith

audiE measuremenEs and the as-bui1t typical construction detail (see Appendix)

indicates that silting in of the screen at depth has occurred Eo a significant
degree (in excess of 2 ft) in the downgradient well OW-3. A small pumping

t.est and ground $rater quality sampling of four parameters was conducted on

OW-l (upgradient well) and OW-3 (downgradient well). The purging and

rnonit.oring procedures employed by GCA are presented in Appendix D, Standard

OperaLing Procedures" The procedure used for the pump tesE and obtaining

ground water measuremenEs involves the use of a submersible, compressed air

driven, bladder type prrmp. The pump discharges inEo a flow fhrough ce11

corrtaining sensors and electrodes for monitoring temperature, conducEivity and

pH. The monitored paramefers, drawdown and recovery data as well as other

pertinent. informat.ion is recorded on Ehe Ground Water Monitoring Report Forms

included in Appendix E.

HYDRAULIC CONDUCTIVITY TEST

The recovery data measured by GCA ( see Ground l,Jater Monitoring ReporE

Forms in Appendix B) for we1ls OIJ-I and Ol^I-3 was sufficienE Eo provide a rough

esEimare of in siru hydraulic conducrivity (permeability) aE the respective

wells Lo be 2 to 4 ft/day or 7 x 10-4 through 1.4 x 10-3 cm/sec, adjusted

for the measured length of screen interval exposed to the aquifer.

Recovery rates hrere measured as soon as possible after pumping

Iermination to apply a Hvorslev inEerpreEation (see llvorslev Method, Ground

WaEer, Freeze and Cherry, L979) of piezometer recovery data. Hydraulic

conductivity can be compuEed by graphical plot of a ratio of water levels

versus Eime since purnping termination. The reported range may be slighEly

biased and in error for two reasons. This Eype of pump and slug testing is

highly dependenc on a high quality piezomeEer intake. MoniEoring well OI,J-3

r,,as found Eo have in excess of 2.0 ft of silting in of well screen which is
20 percenE of its piezomeEer intake. This facE r{ras taken inro account, when

l2



TABLE 1. RCRA MONITORING WELL AUDIT MEASUREMENTS

Monitoring
well No.

Well
s t atus

Total
depth

(rneasured )
(ft)

Des ign
deptha
(ft)

Stat ic
hrater

Level (ft)
(measured)b

Thickness
of siltc

(fr)
Photo

No.

ow-1

ow-2

ow-3

RCRA

RCRA

RCRA

2r.55

22.60

18. 25

20.38

20.50

20.50

20. 50

20.50

L2.95

8.94

5. 15

6.98

-1.05

-2.L

2.25

o.L2

1

2

3

4ow-4 RCRA

aDesigned depth on as-built construction details (see appendices).

bA,rdit Measurements by GCA, September 21, 1984. Static water Levels below
Eop of casing; true elevat.ions of top of casing were not available in reports.
The relative elevation of ground surface is implied to be less than 5 feet
lower at RCRA OI^I-2, Ol^I-3, and OW-4 downgradient versus OI.I-1 upgradient (in
Ground Water Monitoring Compliance Inspection Report, August 20, 1982).

cThe measured amount of thickness of ttsilting int'of a 10 foot length of
screen.
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calculating for hyclraulic conductivity (K). 'the other main assumption for

this analysis is LhaE a piezorneter is in a homogenous, isoEropic medium in

which soil antl v/ater are incompressibf e (Freeze and Cherry Grourrd trlater, 1979,

pp. 339'342).

GROUND WATER QUALITY TEST

Monitoring well OW-l (upgradient) was purged for 14 minutes with a toE,al

volume of waEer removed of 2.25 gallons or 39 percent of water volume in the

moniEoring wel1. Initial pl{ at 2 minutes was 6.30, specific conductance

450 umhos/cm, and temperature 14"C. Afrer 13.5 minutes of pumping, pH was

6.88, specific conducrance of 525 pmhos/cm, and Lemperature at 13"C. The pump

inEake vras set near the boEEom of the well screen Eo maximize aquifer water

being pumped and Lo keep the pump totally submerged throughout the test.s. As

outlined below, audiE rneasurements are compared to the facility reported range.

OW-l (u rad ienE ) AudiE value Facility reported ranqe

3.8Depth Co waEer

pH

ConducE ivity

OW-3 (downsradient)

Depth Eo \,rater

pH

Conduct ivity

L2.95 f t

6.88

525 pmhos/cm

Audit value

6.15 fr

5.35

590 umhos/cm

5.8

170

9.9 ft

7.2

460 pmhos/crn

Facility reported ranee

2.4 6.7 tE

6.1 7.2

325 - 670 pmhos/cm

Monitoring well OW-3 (downgradienE) was purged for 46 minuEes with a

Eotal volume of water removed of 12 gallons or 1.46 well volrrmes. Initial pH

at 2 minutes uras 6.47, specific conducEance of 650 pmhos/cm, and a Eemperature

of 17"C, After 45 minutes of pumping, pH had declined to 5.35, specific

conduccance <ieclined co fairly sEable 590 ymhos/cm, and temperature at 15oC.

WaEer level aE 2.5 minutes after pumping termination was 9.39 ft and moniLored

periodically until full recovery aE 6.15 ft. Recovery \rater levels can be

found in the Appendix E labeled Ground LIaEer Monitoring ReporE Form.
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Audit measuremenEs in comparison to July i3, 1983 data (XCIL) demonstraEe

a significanE fluctuation of water levels in both OW-l and OW-3, as well as

conductivity. Measurements of pH were only significantly different for Well

OW-3 (see Figure 4).
Water leveIs have significant fluctuations with Eime, due poEenLially

from pumping of factory supply wells within 400 to 11000 ft away from OW-2,

oW-3, and 0W-4 (see Figure 5). The close proximity of Ehese downgradient
wetls to the surface impoundment may also be hydraulically influenced by the

impoundment loealized mounding of Ehe water tab1e. Local piezometric

surface(s) onsite may be perched. Anomalous precipitation (as illustrated in
Figure 2) during the time of observed water levels OgAZ Lhrough 1984) could

significantly influence a sha1low, perched water Eable.

INTERVIEWS

i'lo formal interviews were conducted during the onsite inspection of
Nixdorff-Lloyd Chain Company. Brief introducEions were exchanged between GCA

personnel, StaEe and Federal representatives, and the facility personnel.

Physical inspecEions of the moniEoring well construction and measurements lirere

explained Eo Mr. James Sears as he accompanied the GCA field Eeam Ehroughout,

the daysrs activities.

QUALTTY ASSURANCE/QUelrty CONTROL

A11 insIrurnents ut.ilized during the inspection were calibrated to Ehe

manufacturer's recommendations prior to use. The optical rangefinder and

water leve1 indicator were calibrat.ed and cross-checked with a steel
surveyorrs Eape (100 ft). The pH meter and conductivity meter were calibraEed
prior to each measurement in a certified buffer and scandard conductivity
solutions, as appropriate.

Audit checklisEs, included in Appendix F, \^rere utilized to assure Ehe

compleEeness of the Inspection/Review.
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Figure 4. Nixdorff-Lloyd Chain Company historical RCRA
monitoring well pH results.
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SECTION 4

ASSESSMENT

AfEer a thorough onsiEe inspection and review of faciliEy plan, USGS

15 minute quadrangle of Maryville, Missouri, boring logs, previous ground

waEer monitoring data reports, as well as correspondences beEween EPA, MDNR,

and t.he facility projecE engineer, GCA assessed the ground water moniEoring
program aL Nixdorff-Lloyd Chain Company. The locaEion of Ehe upgradient well
aPPears to be in a topographically reasonable siEe. The lack of surveyed
casing eLevaEion for all four RCRA we1ls impeded Ehe const.ruction of a

ground-truthed piezometric surface map. Although the local gradient could not
be defined by a map of head level elevations, the documenEed information of
pumpiirg facEory wells onsite at a rate between 25 and 50 gallons/minute could
induce a gradienE direcEion toward Lhe facEory weIls. RCRA well elevations
should have been surveyed prior to GCA document review and field audit
measuremenEs. Accurate well elevations are essenCial for proper hydrogeologic
assessmenE of potenEial hydraulic gradients onsite. Figure 5 demonstraEes a

highly variable piezomeEric surface in accordance with variable recharge/
discharge periods. Proper well locaEion of all four wells may be questionable
during these periods of highly variable precipitation and pumping regimes for
the following possible reasons:

The designated downgradient wells may not be intercepting all
directions of local ground waEer flow if gradients fluctuate
seasonal ly.

The locaEion of the lagoon on the floodplain may experience a
localized reverse direction of ground \^rater flow during high
flooding of the One Hundred and Two River.

The gradients have to be seasonally monitored Eo adequately assess
the impacE of the lagoon's wasEes on the uppermost aquifer.

a

o

a
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In accordance with RCRA compliance regulation 265.91(c), which staEes that all
monitoring wells must be closed in a manner that mainEains Ehe integrity of
the moniEoring well borehole. This casing must be screened or perforat.ed, and

packed with gravel or sand r'rhere necessary, Eo enable sample collection aE

depths where appropriate aquifer flow zones exist.
A copy of the Layne-western company report (1970) is included as

Appendix A. In sunnnary of this report, the mo.sE suitable and only aquifer
encountered during waEer well exploraEion on the north and south sides of the
facility building was between 20 and 30 ft below ground surface. This defines
the uppermosE aquifer Eo be 20 to 30 ft (bgs). According to facility
personnel and the Lavne-Western Report ( 1970), the yield of the supply wells
range beEween 25 and 50 gallons/minute per we11. This water-bearing zone

consists mainly of fine to coarse sands and gravel (see report boring logs).
This zone would probably have been a beEEer rnedium to screen Ehe four RCRA

moniEoring wells into, and may possibly have reduced the silting in (!2.0 ft)
of OW-3.

This higher transmissive zone, which is being tapped by facEory wells
OW-l e,nd OW-2, may create a cone of influence as far as the surface
impoundment and its proximar monitoring we1ls during extended pumping

conditions without sufficient recharge to the aquifer. The location of the
RCRA wells are in question as well as the depth of Ehe well screen which could
have been installed in the most transmissive aquifer zone Lo obtain more

represenEative ground hrater sarnples, intercepting ground water flow
poEenEially being induced to flow toward the factory pumping we11s.

SPECIAI, CObIDITIONS

The locaEion of the upgradient well OW-l r^ras as described by the facility
map and relocaEed per direction of Dr. J. Hadley l,lilliams of Missouri
Department of Natural Resources, Ro1la, Missouri. The we1lis proximity to che

Highway DeparEment make it susceptible to conEamination from the salt piles,
trucks' storage tanks, and other poEential sources stored at this facility.
Poor well construction interferes with accurate ground water quality
measurements. Repair of the broken cement grout and sloping the grout away

from the grrard pipe would prevent potential pollution sources from entering
the monitoring well borehole.
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A review of the data available to GCA shows rather dramatic changes in
moniEored parameters. This is readily evident in che pH results as presented

in Figure 4. Note parEicularly the changes that occur between JuIy 1983 and

AugusE 1983 when OW-l and OhI-2 show an increase in pH and OhI-3 and 0W-4 shol, a

decrease in pH. Similar erraEic variations are evidenE in other paramet,ers.

This seems to further support Ehe previously discussed conEention that the
wells are moniEoring perched and not. necessarily representaEive portions of
t,he aquifer.

Additionally, ttE" tesEs conducEed by GCA on both the data submitted by

Nixdorff-Lloyd as their first semiannual report (August 1983) and the audit
values measured by GCA (September 1984) show statistically significant
variation on several parameEers. The "t" test data are included in Appendix H.

Similar "t" tesE results are cired in the correspondence from Arthur H.

Groner, Missouri DeparLment of Natural Resources to Mr. R. H. Lochman of
Nixdorff-Lloyd. The letter also indicates several daEa gaps which would have

an impacE on the results of the sEatistial tesEs. Among these are missing
specific conducEance resulLs from the first quarEer monitoring. GCA

calculated Ehe mean of the second, Ehird and fourth quarter results and used

this value for the first quarEer resulE in Che subsequent statistical tests.
Additionally, the facility submitted only the mean and variance of the
analytical results for each parameter each quarter, rather than the required
quadruplicate results. The acEual variance for the populaEion of results can

only be esEimaEed from the variance of a subset. GCA developed this estimat,e
of the variance according to a method described in Introduction to Statistical
Analysis, Dixon, W. J. and Massey, F. J., McGraw-Hill, 1969.

The following equation was used:

(n r)sf+r n2 1)
2

2
S+s (n.

l(
1) 2

ka2=
"PoP

1

1
+

'z* tk k

Spop = Ehe estimated variance of the population

n = the number of elements in t.he sample seE

52 = Lhe variance of the sample set

k = the number of sample sets

20
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The method utilizes the variability in the reported variance of each

subset, in this case the reporEed variance for each of four quarc.ers, to
esEimate the variance of the population (Ehe unreported 16 results).

During Ehis sEaEistical evaluation, it became apparent that for the

semiannual results at leasE, Ehe facility had been calculating the sample

variance by an equaEion different from that specified in Ground Water

Monitoring Guidance for Owners and OperaEors of InEerim Status Faciliries
SW 963, March 1983. The facility reported variance was calculated by the

equat ion:

n
2(x. x

i=1 1

n

The previously mentioned guidance document recommends t.he following equation:

t

T
i=1

_')(x. - x)-

)

S2

n

1

n 1

This difference in rhe denominator for "n weightingtt instead of "n - I
weighting" resulEs in a smaller variance and may cause a fatse positive in the
t 

E 
t EesE.

GCA utilized Ehe required n - 1 weighting for the analysis presented in
Appendix H, however the variance of the historic background values is
estimated from facitity reported variances, which may be in error. The

'E' Eest results are summarized in Table 2. The validity of these resulEs

remains, however, in quesEion.

GCA was unable to observe Ehe ground r,rater sampling procedures utilized
by Nixdorff-Lloyd as those duties are being reassigned to a new staff member

and the person previously responsible was noE available on Ehe day of the

inspection. The sampling responsibility has shifted from various staff
personnel at Nixdorff-Lloyd over the monitoring period. Considering that Ehe

sampling technique employed the use of bailers, the results of which are

highly operator dependenE, it is difficult to assess t.he impact on the
report.ed data.

2l
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TABLE 2. STATISTICAL TEST ST]MMARY

Nixdorff-Lloyd pH Cond TOC TOX Total

5th quarter

GCA Audit*

MI.I-1
MhI-2
MI,I-3
MI4I-4

INC
NC

NC

NC

INC
INC
INC
INC

INC

NC

NC

NC

NC

0

INC
NC

INC
INC
3

3
1

2

2

81

NC

4

INCMW-1
MW-3

DEC

INC = Statistically significant increase.

NC = No change.

DEC = Statistically significant decrease.

*MW-2 and MW-4 vrere not audited by GCA and the onLy measurements conducted at
MtI-l and MW-3 were pH and conductivity.
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It is evident thaE Ehe faciliry should, as cited in the previously
discussed correspondence, be in Ehe ground water quality assessment phase as

required in 40 CFR Part 265.93.

RECOMT{ENDAT ION S

Well installation depths of at1 four monitoring wel1s are potentially not
sampling the complete thickness portion of the uppermosE aquifer as discussed

previously under AssessmenE. A possible solution Eo deE.ecE the potenEial
threaE of contaminanE migration below the moniroring we1ls in the more

transmissive deposits would be t.o quarterly or periodically sampLe the factory
supply wells for all parameters of concern, especially during extended periods
of pumping for facility use. Another monitoring system improvement would be

to deepen OW-3 to install a well screen in Ehe more transmissive zone between

approximately 20 to 30 ft (bgs). The evaluation of gradient fluctuations
could include a careful monitoring program of all head Ievels (i.e., factory
wells /fl and lfT; ow-l, ow-2, oW-3, o!il-4; and surface impoundmenE) throughouE

an extended factory well pumping regime.

This piezometric head daEa could then be used to compile a piezomeEric

contour map for an assessment of the local hydrogeology and the potential
influence of pumping the factory wells on Ehe surface impoundment and its
monitoring we11s.

CCA agrees wit.l"r Ehe flissouri DeparEment of Natural Resources

recommendation of the closure of fhe Nixdorff-Lloyd Chain Company surface
impoundment. The following are supporEing evidence for closure:

No liner of any type $ras installed 1n t.l're lagoon.

The physical properLies of che surface soils in which the lagoon is
situaEed provides inadequaEe plasticity co seal a liquid impoundment
(pH = 1-3).

a

a

o Soil permeability exceeds
10-7 cm/sec, increasing to
with depth.

the minimum requiremenEs with a value of
10-4 to 10-3 or potentially greaEer
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a tlisEorically ground water levels seasonally fluctuate significantly
enough ro rise above Ehe leveI of the boEtom of surface impoundmenE.
Therefore, the surface impoundmenE may be hydraulically connected Eo

ttre piezomeEric surface during/afEer excessive precipication and
recharge.

GCA audit measuremenEs comparing pH and specific conductance values
to quarEerly results demonstrate a significant decline in ground
waEer quality in downgradient, well OI^I-3.

The rrsilting in" of ol{-3 (downgradient) may cause inadequate
sampling of t.he uppermost aquifer, therefore, not detecting
contaminarion of appropriate flow zones.

The close proximity of the facility's pumping wells to Ehe unsealed
surface impoundment could potentially provide a hydrauLic connection
between t,hese facility componenEs during extended pumping periods.

o

a

a

24



APPENDIX A

CLIMATIC ATI,AS
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CLII{ATIC XNAS

rOE DESIGf, OF IIXD APPLICAIIOT SYSTE}IS

PIIRPOSE

The one in ten year return frequencies for clinatic daEa ere the basig for
design and evaluation of land application eyateaa in llisaouri. Average d8t8
are not reliable for ptanning a systeE becauge of che extreEe variation froro
year to year. Ttris report presenEs infor:uation in the fo:rr of tablea end
figures for aelected return frequencies froo daily to annual perioda. Data ig
included for rainfall, ruooff, evaporation, neE rainfall uious evaporation,
irrigation ratea and teaperalure. Both average aad one in tea year frequen-
cies are preeeoted for couparigori.

TABIA OF @m3rrs

sEcuon liBras rtGIIIBS

Rainfal I

Runoff

Evaporatioa

Bainfall uinue Evaporation

Irrigation

Teuperature

Referenceg*

t-5
6-9

t0-u
l2

13-20

2l-22

I -4

5

6-9

10-15

16-17

PAGBS

I -4

5

6-7

8-9

t0-t2
r3

t4

f

>!
-
e
o
-a
-EI

o
h

e
EI
L
0

o
f:

a
1)

D
1'
u,

&

*Reference sourceF f.rr fables end figures are shc';il in parenthesis ( ) in
text,
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RAINFALL

Conalder both shorE rera "tea day" ralnfall and _Ioqg teP t'60-365 9"yttt rrlsfrll.
irr. oo" in ren y;;; ;r; a"in rii,ufell ir e criticsl deeiga fector beceurc thir ir
the uinis,,- .*uoc that trltl be rtored bcfore evaporation caB bc coaridcrGd. ttrc
oae in Eeo year t'Io day" ir chrae Eo four iucheg Sreater than the 25 ycer 24 hour
rEoEr. fhia lO day reinfall eyetrt generally equela or,exceed! thc BGC 60 dey
rainfall ainua evaporation. Co'upare Ftgure I1 2, and Table l.

TABLE 1 OEE Ir fEE lBAt E rf,?ALL !f SEASOX 1941 - L97A (1)

INCHES

- APRILAVERAGE
AN}IUAL
R.A,I}iFALL

180
DAYS

t2 0 60 10

10
L2 t0
13 t2
16 t5
L7 16
19 18
z0 19
21 20

34
36
38
40
42
44
46
48

rn.
in,
:'n.
iu.
lR.
Ltr.
ln.
18.

47
50
52
55
57
60
63

28
29
30
3r
32
33
36
38

24
25
25
27
27
27
28

r5
16
t7
l8
I8
l8
l9
20

7
7
7
8
8
I
8
8

DATSYS

t3
l4
L7
TE

2l
22
24

II5
18
l9
20
22
2E
32
35

I
9
8-10
8-r0
8
9
10

19
20
20
2L

22
24
25
26

2

lf,Er^B 2 IIIxBEB (F prrls prBglpnxrror DUBrrc m ir ttr !tsAr r^rrt^rr EfE (t9tf-
l9E0) (1)

Location

Bethany

Ernnibel

Jeffcrroo City
Frrriagtoa
Lcbrooa

Terkio
St. LouiE

St. Joeeph

Jop lin
Porcagevil Ie

Heet Plaius
Kaneaa City
Coluobia

Springfield

Prccipiration Daye per Yerr
Total Dayr

r50

r53

154

r54

155

156

u8
L62

t62
164

156

r68

t79

r79

Devr 0.1 ioch oa Bae
75

E3

7E

E2

E6

7l
78

70

70

u
u
73

78

78

l.
2.

3.

4.
'5.

6.

?.

E.

9.

10.

t1.
L2.

13.

14.

aa

355
DAYS

120
DAYS

90
DAYSDAYS

10
DAYS DAYS

Rangc

Hed ian

r50 - 179

160

27 70-86

78

1
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TABLE 5 RANGEOFMONTHLY

PRECIPTTATIOI{ AMOUNTS ( iO )

rNcitEs, 1918 - 1961

TOTAL PRECIPITA'TIO}i W}IICH HAS BEEN EXCEEDED 10, 25, 50, 75, AITD 90 PERCE}TT
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e0%
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1.

6.2
a.E
3.1
2.1
1.?

I

0

4
6

3
4

3
2

I

9.E
7.2
5.1

0
0
0
1

7

E.l
5.8
3.2
2.L
t.2

10.
7.
5.
3.

9.

5.
3.
1.

I
0

0

5

2

1.7
2.8
1.7

9.0
6.7
1.2

1.{

I
9
I
0

I

8.
5.
4.
,

1.4

9.0
6.G
3rt
2.O
.9

7.1
5.3
3.{
1.6
L.2

5.0
2.9
1.9

.9

.1

5.{
3.t
2.t
l.{
.9

5.
{.
2.
1.
l.

0
0

E

7

0

6.t
5.0
3.0
2.1
l.{

5
0
9
t
1

a. a

1.?
1.1

.7

.3

3

2
I

3.
:.
l.

8.
6.
4.
,
q

E.
7.
1.
3.
ie

T.0
5.1
3.6
2.6
2.1

5.6
t.e'
2.6
1.6
.t

0

0

4

9

3

?.0
5.{
J. 

'
2.4
1.6

8.0
6.1
1.2

2.t

8. rl

6.0
3.9
2.4
1.6

9.1
5.E
1.9
2.E
1.{

3.1
1.4

6.2
5.1
3.6
2.L
1.{

7.1
5.0
3.{
2.3
1.1

5.r
3.E
2.7
r.3

.E

6.0
1.1
2.9
1.,1
.9

2
8

6

7

2

4

I
7

6

{

2.4
2.1
1.9
1.2
1.1

2
0
3
{

5.{
{.1
3.2
2.1
t.6

6.5
{.0
2.9
2.L
1.3

{.5
3.E
2.6

E

0

I

0

0

6,3
{.E

1.t
1.0

3.0
2.0
L.2
1.1

?

q,

1.E
1.3
.7
-{

6.E
5.0
3.6
2.1
1.6

5.{
4.1
2.4
t.a
.1

7.2
5.E
3.8
2.1
1.5

9.1
6.9
t.7
2.t

5.9
3.9
2.t

3.0
2.
2.
1.1.7

1.0 l.a
EAST CENTRAL

r0%
25ca
s0%
?5%
e0%

SOUTHEAST

1 Ogc

25%
50'i
7 Sla

e0%

6.2
{.0
2.9
2.L
l. {

8.{
6.8
1.1
2.9
1.3

3.7
2.2
t.2

3.9
z.s
z.t
1.{

e

E.5
6.7

5.
q

n

t.
1.

5.
3.
2.
l.
1.

7.4
6.0

0
t

0

9

9

I

1.

1.
1.

4.
3.
1.

*Note: l'lonrhly values are listeC as independent variables and ean not be

added to obtain annual precj.pltatlon amounrs.
30

4



RUNOFF

J'rcTF

A3LE 6 A\TEETGS : EI'f,(lFF - TEEDI.I,TB (11)
ConcreEe and Roof Areae

O Dec - llar - June -
egion Feb HaY Nov

lorth 4Oi, 502 60:

Jentral 50I 50: 602

iouth 60Z 607, 502

CA3I.E 7 AITEBAGE T EI'XOET - PEEDI'TS (U)
Earth Feedlot

figre 5

AI/EM@ ANNI.JAL IUiDIT }TR I.SNG IfIf,ERSM T]5)
' Ircles

6

5

10

LZ

I

l0 Dec -
legion Feb

llorth l5Z

Central 207

South 251

l,lar :
Itay

207

252

302

June -
Nov

302

302

302

10

L2 14

llA3IA I Blril)ff - Ooc year in tea - FBDISTS (11)

Lr

f-t

tr

O-.

Feet Year
Average Anuue1 Ra all Area

rr 40rr

,

32" 3.4rr 36'1 38 4$tr 46" 4gl'Tvle of Surface

Earch lreas (Jtlyt)

Coacrete/Roof (ftlyr)

taDra 9 rrrf,oEr FAGrors* r12)

Days Storage

300 - 365
180
120

90
60

1.7 I .8 2.0

2.9 3.1 3.3

1.5

2.8

furnoff Factor
A11 Areas

I,00
0.50
0. 50
0,40
0.30

2.2

3.5

2.5

3.5

2.7

3.8

2.8

4.0

3.C

4.2

Hultiply factor tirqes fc. of mnoff frou rable 8*
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EVAPORATION

iYAPORATIOH

TABIJ tO AVBBAGB E'TAPOB..XTIO** (1)

{o
IEGION

i
AJ'TNUAI JAN.

IlicilES

345
HAR. APR. HAY

1956 - 1980

67
JTNTE JT'LY

2 8
AUG.

9
SEPT.

i0
ocT.

II
NOV.

1l
DE7.:R

EEB

Norch

Cen cra 1

Sou:h

o.2 0.3

0 .2 0.3

0.3 0.5

.5 4.0

.5 4.0

.8 4.3

4.5 5.6

4,6 5.9

5.0 6.0

38

39

L2

2

2

2

6.2

6.5

6.8

5.5

5.7

6.2

3.7

3.8

4.0

2.8

2.8

3.0

2.5 0

2,5 0

2.7 0

* Free waEer eurface evaporaEion e8cioaEes evaporation frou either a lagoonr Poad, laket or

vegetated land surface. It is obcained by adjusting Pan Evaporation usi-ng eoefficieaEs
developed by the Nacional l{eather Service. Free water surface evaPoration is the tem now

usec by the National l.leather Ser,rice to rePresent evaPotranspiratlon from a coopletely

vegecated land surface or frorn standing water in a basin'

TA3I.B T1 Of,E IX 1EE IEAB EYAPOBTTIOX} (1)

2 IO9I4

INgiIES

5

1955 - 1980

67 1l
NOV.

L2
DE

u0
RXGION

**

tlorth

CenEral

.South

ANNUAT

3
T.{ARAN

evaporation duriog a ONE IN lEN YEAR RAIIWALL

I
J

2.0

2.0

2.5

3.2

3.3

3.5

3.6

3.7

4.0

4.6

4.E

5.0

5.0

5.3

5.5

4.4

4.6

5.0

3.0

3.I

4.0

ocT.

2.2

?.2

2.5

2.0

2.0

2.0

APR JI'NE Y

0-

0

0

0

0

o

0

0

0

30

3l

v

'h Es titreced

Primar,v evaporation st.ations for each region: Ncrth - Spickard' lfo" GrundT County;

CenEral - lieu Franklin, Mo., ifoward County and Lakeside, Miller County; South - Mt'

Vernon, Mc., Lauerence CountY.

**
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li3urc 6

GETTCIBIIS TO @{IIEE O.*SS A PA{ EV^DCRI;A{
TO rEE rxrB sirtrrc svAlcltlmat . (3)

IAY - E:EE

76*
74,

71 I

71 %

?61

Ffuurc 7

FEE rlrR SIBrr(E E1'rPoRf,ECl{ - AOIIAL . (3)
1S6 - 1gr0

IrcIes
42 40

u

4

40 38 40

42

.l!ee llater S:rface Ernporattoo - E\rzFttaD$ll8tlo

Figurc 9
a

FT@ IAIE? gMTCE EVAFCAEIOI IIAY - eI@ T3J

. 156 - ls70
IBcbs

30

9

ETIFCRAIICF{

i4 1

762

I
I

42

*h.o Anp. x i he€ l8t6 &:rlrce Anpntle

tigure 8

1956 - 1970

IrclEs
'to

10

L2

33

*i

,t-,gFl

ut

1'

r,)

7

u

30 28
a3

30



RAINFALL minus EVAPORATION

?A3LE 12 Of,E rX rEE YEAE EiLI.TFALL l{fXIIS EVAPOBTTIAR (1)
ANNUAL AND NOVE!{BER - APRIL

TNCHES t94l - 1980

AVgRAG
AA;UA:
RAII{?ALL

355
DAYS

180
DAYS

120
DAYS

90
DAYS

60
DAYS

10
DAYS

34
Jb
38
40

l.!
46
48

t4
l4
t7
t9
LL

25
28
30

t0
IO
I1
L2
l4
2T

24
27

8
9

10
iI
I3
18
20
22

8
8
9

t0
L2
15
l7
I8

8
8

9
IO
t0
I1
13.5
l4

8
8
9

8-t0
8-r 0
8-I 0

9

t0

?igsre l0

A1ERTG ANNIIAL

R{NFALL rdrus rylrcRlflCN 1941 - 1C'0 (1)

Incbes

-8-54

€

0

Figure- ll

(NE IN lEI }IEIA

RAINFALL Binus EVAXIB/IIICN 19{1 - LSTO ( 1)
Incles

8 L2

I

,2

6
4

4

-2

rG

30

0

la CH
*, .i

/ a
at

C-

b

btl
t

t.

t
,*1

h.

-
On

+2 +5

+6

34
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Figure l2

OTE IN TRi YEAR :

60 DAY EAI}iFALL TINTS EYAlCAIflOi 19{1 - 1g'O (1)
Ircles

o

10

14

Figure 14

OE IN 1lN YEUT :

uro DAy nATNFALL nD{rrs EvAEnAfl(N 191 _ LSTO(7)
Irc*s

RAINFATL rn:ims EVAPORATICN

t2

14

1o

35

Figurc 13

CIG IN TEN YEAB :

90 DAY MINFAIJ,I{INTIS EVEPCAATICH 1941 - I:STO (7)
IEbes

10

10

w 1e

u

Pfuurc 15

8

88

9
16

18
9

10

u2

a

8

OTE IN EI. r/lB :

I8O DAY RAINrAIJL ltrt{s EYAFGEICI{ 19tl - LSTOfi)
Incbes

10

10

u

8
9

I

10 12

18 11

L2
20

o

I
{

oa

C-

,{
L.

C-
i
t

fF
C-a-4..

l- br CF a-t

t-4

18%

2,

L2

2,

14 A?A

1.1 4



IRRIGATION

IRRIG&TIOX

I,ABI.g 13 TPPTG#I:IOE EETCTT FOR GBASSI'AXT (iO)

Hayl-August3l

Ir: Iga t on De 1C E, Inchee

Northnest Hieeouri Central Hiaeouri SouBhcast Uialouri
Probability

I year out of 20
4 years out of 20

10 yea;s our of 20

15 yea:s out of 20

19 years out of 20

24.6
22..2

t7 .2
14.8

zo
18
I6
14
L2

18.2
16.4
14.6
L2.7
I0.9

* Tnese irrigacion deficits uere calculated on a continuous irrigation basisr applyiug uater

daily ro briug the aoil ooisture coareBt up to field capacity and alloning ao tiae for dryiag

periods or harvest. Annual irrigation deficits.can aleo be calculaled for n'88gcrBt echepee

in uhich rhe aoir yas a1loe.a a!-ary-uiiir it had capacity for .5 iach, 1.2 iachca, aad l'7
inches of additioual yater. For thege..traDageBeDt ochemes, u'rltiply the total irrigation
deficit by .82 .65, aad .55, reapecCively, to obtain the EDouos of water that crD be diapoeed

of.

?^BIX t4 xxrxlr ISIIGATIOT rc,lgtr or GTASSI^XD (10)
l{ay - Attg

a

ouL dicated
Juoe

3.0 ia.
3.9
4.4

Julv Aucuet

3.7 ia.
4.6
5.5

lD.

f Illater
lrz

Ttrree out of Four Yeara
Tno out of Four leere
Oae out of Four Years

3.4
4.0
5.0

lD.2.4
3.0
3.4

36
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IRRTCIATICD{

I.AIIjE 15 AIOT'X?S OI EXET I8{T 'TT lE APPLITD IO SOII. TOB SASIItrXIIB IIE.XNG!! I,rl' IIPI'TI.
xAracEtGrr.* (10)

Recoroended
SoiI ApplicetionSoil

Perneability Perreability Above rainfall
Class iochea /hr. inchee lyear

Very alou
S lov
Hcderarely slor
lfoderace
Hoderately rapid
Rapid
Very rapid

S.ariv
!laly iorm
S:lr ioe -
!ilty s,37 i!ca
C,rr r.< -.r.! i^

t!tt . t,cbic-t

legc than 0.06 L2
18
24
40
60+
50+
60+

-24
-40

-t8

-60

0.06 -
0.2 -
0.6 -
2.O -
6.0 -

o.2
.6
.0
.0
0.0

0
2
6
2
rSree

* llaxis.rn annual anounts of uacer that eoile could pasr s,re reduced to oae-eighth of that
shich vould be possible if suuoer conductivicies could be naintaioed for 365 dayt. Balf of
the reduction is to provide for needed perioda of dryingT and half ia Eo accouuE for reduceC
conductivities asaociated vith lor ceEperatures. ActuaI epplicarioa races ehould rlso
consider crop colerance and ha:rreet cchedules.

?ABI8 16

te then 20.0

PEAK OAILY MOISTURE REOUIREO (16)
. INCHES PER DAY

TABIX I7 BASIC IHTAKE OF SOIL TEXTURAL GROUPS (16 )

ulll tE TlgTuRE Hot-Dtrc cApActryoF sclLs
A'ID CROP ROOTI'{G DEPTHS (16 )

l{d*rro Arribblo 0or Tltt
Urr. hclet

Crop lootirg Oo7t. Far
3

2.5

5.0

Crcp lcclir3
I - 2 fool:

2-I frt:

!.5lrt:

Depthr:

Turf 9rrrrl. p.rlu?a. pchlcrl 5orrior. lr;rlr1.
.u?r.7, crcpr. lrrct crcpr-
Sugrr bortr. grria rorghen, rarll grrirr. pySotrr.
trrol ccrt.
Fiold cctn. ellrllr. c.ttoi. orchodr. citrgr.

ioil fcnrrr

Soric Ioirrc?. lrtoh lrte
hclcr per Xour

Jom I Cov;r

r.5
r.0
os

crr gli..rr
Xor
t..f
lar

lriptior llf,&rc7.
Itrcrrt

t0 ,i ,0
Alhl{r, cotton. prrturr
{irld cora. !r.rt GD7n.

rcybooar, rugrr 5oolr.
orchrrdr. eitrur

Hgaid
SuLHurrrid
Srrni.Arid
Dorod

0.t0
0.2t
0.t 0
0.!5

0.25
0.3 l

0.1,
0..f4

0.21
0.1t
0.40
0.a7

3.2?
0.t a
0.{ 3

0.50

6rria rorghunr. rnrll g.riu.
polrtcl. turl grrror.
lcnratcat, brrrior, iyrfar,
:rupt. huct G?cpl

Hr;id
ScLHrnid
Srni.Arid
Dord

0.r s
0.20
0.25
0.lo

o.rI
o-25

0.! r

0.1,

0.20
0.?,
0.! t
0.rf 0

0.2 r

0.2?
0.ta
0..f t

3oll frorn I lVt 2 I a

Srady
Sradv lorrn
Silt lorn
Siltv chv lorar
Ory ead olhrr rcilr rith

trv*i probbnrr

0.5
t.0
a
t.0
2.0
r.0

0.7t
t5
t.0

- 3.0
IJ

1.0

t.0
.t.0

t.t
1.0

IJ
1.0
t.0
4.5
t.0

2.0
a.0
a.0

'j

r0
0.7s
0.5
0.25
0t
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IERIGATTCN

T^IIJ 19 I{AXI]{UX APPLICATIOf, &L13S FOB, SPRI,XEAR SISTEXS IXCBBS PBE E}I'T** (11)

0 - 5I SloPe*
s/cover bare

1. Clay aoils Ehroughout; very Poorly <irained (AIIigatort
Carlorr. SharkeY, I'labash)

Z. SiIry surface; pooriy drained ciay and claypao subgoile
Calhoun,'Cttaricln, Edina, Gerald, Hexico, PuEnao)

3. Hediuu Eext,ured eurface soilsl moderaEe to ioperfectly
drained (Batesr Baxter, Eldon, Dundee, Grundy,
Lind1ey, Fullerton, Nixa, Pershing, Selaour)

1.. Silt loaos, Ioaas and very fine sandy loams, well to
rooderately neIl drained. (Knox, Harehall, Neuconia,
Hunl ington ' NodarraY, Sharon) .

5. Loauy sanda, sandy loans, or Peat aoils, veII drained
(Bertrand, Caas, Dexter, SarPY).

?

:4
.5

,,/hr.

"/hr.

" /hr.

.15 r'/hr.

.24 "/hr.

.30 "/hr.

* Note: Reduce application raieE on sloping ground:
Slope Precipication Rate Reduccioo
O - 5Z grade 0Z

6 - 8U grade 202
g - LZZ grade 4OZ

L3 - 2OZ lrade 
'60U

over 2or 752

** !{axinr.m rates are possible onLy shen the soil ls dry. Reduce aPpllcation lates
r.'hen soils are rret or Dear saturation in the tOP one-fOot of soil'

lrllB 20 firul, txcgs lt IPPLI il, sors Ir of,E AP?LICXTIOT rl1,

.6 tt/hr. .4 tt/hr.

.9 "/hr 6 tt/hr.

f,et Incher to Apply
per Irrication*

Soil
TyPe

B.oot Zone
Ilepth

Feet
Light Sandy I

2
3

0 .50
I .00
1.50

Hediun SiIt I
2

3

0.85
I .69
2.53

Heavy Clay I
2

1c

t .20
2.39

* Baseci on 502 available noisture in rhe eoil before irriSation.
38



TEMPERATURE

l. ,LB 2I AVEBAGB IOFIILY TEHPEEAEBB (2)

oP i94I - l97o

June Jul Aug . Sept. Oct. Nov. Dec. AI{NUAL
REGION Jan. Feb. Har. APr Hay

I :th

C ntral

S.uEh

o chee I

27.8

3r.4

33. 5

35. t

3r .8

35.7

37 .2

39 .5

4A.4

43.4

44.7

47 .4

54.2

56.6

57 .3

59.7

64.2

65 .5

55 .4

68 .5

72.9

73.9

73.7

76.7

77 .4

78.2

77 .5

75.9

77 .2

76.2

67 .6

69.4

68. 7

7l.l

57 .5

59.2

58.5

60.7

4?.7

45.3

45.6

48.0

31.2

34.9

36.2

39.3

53.5

55 .9

56.2

58.879 .7 . 78.3

aIJ 22 OHE Ix TEr YEAB @LDEST AvEBAGS llofrElY lSEpgBAmBE (2)

oF I94I - t97o

!GION Nov. Dec. Jan. Feb. March

)rEh

Centra 1

ouEh

-oothee I

37 .3

41.6

42.9

45.2

25.4

30,8

32.O

34.I

28.6

3r.4

3I.7

33.9

22.l 28.6

26.4 32.3

35 .8

38 .3

38.6

42.1

'lgure 16

' 1gr - 1950

l{ay1-Gt15

lprl-
Gr 15

Ftgure 17 '

IrEAlr aIldIAL.DArS IIINDIDI lErpERA5lE 32o r (1?)

a{D BEOI 1930 - 19el

L20 90

/ LE

C.n

Aprl-lir.*'1

39
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90
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jhl._:L: ti
--f;- :,i,y!)

I

Source Nwnbers be Sioun In ?eqr$Tteste ( ) tn ?et'

SEIJCTED EEFBBEXCES:

Cl imaEological
Tapes of DailY
I.Ieather Service

Honrhly Averages of Temperature and Precipitation for State ClioaCic Divisionst
I94I - 1970r Nacional 6tiroacic Center, JuIy L973'

Evaporaiion A!1as for the contiguous 48 United statesr NOAA'Technical Report

MilS 33, Juner 1982 National Weather Service

4. Eap irical Merhod of Estioating EvapotransPiration using Priuarily EvaporaEion

Pans , lJ. O. Pruitt, Proceedings ASAE

Data for }lissouri,
DaEa, I94i - 1982

llonthly RePorts bY

National Climatic
Station, aad
Data Center,

CoEputer
Nacional

2

q

6

Arid CIimaEeg, WaYne

Journal eeriea No
L. Decker,

5062 and

1

8.

9.

10.

11.

L2

13.

l4

15.

16.

17.

For further infornation eonteet:

Jefferson City, MC. 65i02; Pitore

Hanual 115, UniversitY of
lc79

'iater Pollution Control fuogron' P'0' Box 7368'

31,1-75i-321L ; Attenti.on PerTnit Secti'on'
40

.A.La

Potential Evapotranspiration in Huoid and

l{issouri Agricultural Experioent Stationt
Proceedings ASAE.

EvaporaEion bf lJater fron Bolding Ponds, G.L.- Pratt eE al, Haaagiag LiveeCock
'*""'a"", proceedings 3rd International Sytoposium on LiveeEock Wasteat 1975'

Itaps Of Runoff Volunes Fron Feedlote In Ehe U.S., Riehard L' Phillipa, Bourth

Iniernational Syuposiun on Liveetock l{aetee, ApriI 1980.

National Engineering Bandbdok; usDA, soil conservalioa serviceo '

Bainfall Frequency Atlas for lfissouri, MP 33e, univeraity of Hiasouri, 1973'

A Guide to Planning and Desiguing Effluent lrrigation Diapoeal Syatene in
llissourir MP 337, University of Missouri, L973

Hiasouri Approach to Aninal I{aste }lanageoen! t
Miseouri and llo. Departoeot of Natrrat Resourcest

&ridelines For Agricultural l{aste l{anageoentr'Uanual lzl, MD' DePartD€ot of
llatural Beeources, 1982.

Agrlcultural l{aste Uanageoent Fleld Mangal, USDA' Sotl Soaeelt at'loD Servtce'

Natlonal Butleti-o N0.40-0i20, Englneerilg-Feedlot Runoff, USDA' SoLL Couser-

vatloo Sernlce, 1980.

fiiqeral and l.later Resources of Mlssourl, Mlssourl C;eologlcal Su:rrey' 1967'

Travelilg Sprinkler Deslgu Gulde,Ag Raln Inc', Ilavana' IIL'

Selecred Climatic Maps of the Unlted States, National Clindtic Center, 1977 '
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{qynr - fllestern Cornpang, fnc .

tu Btti.r'
WAIER 5UP''LY SEEVICTS

WATER WELLS O LAYNi PUMPS T TEST D'(ILLII'iG O WATIR TREATMENT EQUIPI"''E'IT

l0l0 worr !9ih Srrrtt o Xonror Cir7,Al'rrouri 6llli ' AC tt6 931'2353

April 22, I97O

Lloi,d Cha ln CorPcration
llrghwai'136
i'lar\,\'iLle, liissouri

,\ttent- :,-o:r iir . i'.'orman Cra ic

Ger.t leme n

TEST Dil,ILLiI:G AliD ttATER SUPPi,Y WELLS

lie have cornpleted the dr i 11 ing of three (3 ) te st borings
and the ins'"allation of two (2) water supply we]ls at
your fa:i).i!i'on Ilighwal'1i6 at the east, edge of Mary-
vi11e, ilissouri.

Enclqsed herewith are copies of our '"rc1I informaticn sheet
oivinq ietails of ccnstruction oi each welI and our boring
logs for the three (3) test holes drilled-

Ir. aiC:.ticn, w€ are enclosing our in','oiee for the completed
rvori:.

In an a-uternpt to find a deep€r, more reliable aquifer (usually
just abcye bedrock), the first two 12) test borings were drilled
to the top of the beircc)'. surface. No suitable aquifer materiel
r.ras Denetrated below a depth of appro.ximately 30' so the third
test borj.ng was not i,rilled to the bedrock surface.

The nost suitabJe aquifer was found in Test Borings No. I and

3 , at a depth of appro>:imate ly 20 to 30' . S ince this lvas the
on1y., aouif er availabLe, and the be'st material available, it
was iecjded to install shallow wells at Test Borings llo. I
ani 3 . The south we 1l-, or we 1I lio. 1, was installed at
Test Bcring t'Io. l-70. The north r*ell,.o! well No. 2, was

installed at Test Boring tio. 3-70. Well No. I was installed
to a total depth from ground surface of 3O'5" and WelI No. 2

a total dep'.h of 27'6" froi. ground }evel.
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liorman Craig
Page -2-
Apri I 22, l.970

ii short purnpinq test v.'as rr:n on both
rvt:11-s and *-he results of the purnpino
on tlrc enel-csed infornation sheets.

of the conpleted
tcst are as shown

prrrno ing rate f rom t^;e 11 No . I
to 35 gpm. T'he punp installed
J' from the botton of the well

;','e would recor,rrend
\,our scuth weIl, b€

tirat the
i imited
be set
1eve1.

in
or

this weli, should
29'6" fron crround

iiell lio. 2, your north well, shouid not be pumped at a rate
qreater than 25 gpm. The pump installed in this r*e11,
again shculd be set 1' fronr the bottom of the vrelI, or 26'6"
f roiii ground Leve].

':'he above iniormation was given to your plumber, Mr. Bifi
Jones, by telephone, so that he.would know the pumpine rates
a;.d cie pths the pumps should be se t .

O: ecurso, all our in:'or:rnat ion is based uoon the pumoinE tests
\..,e pbr:or:nerl a;rcl is sul:_rect to seasonal" variation. During
perrorls of e.'<tremelr.'r+et weather when the aquifer is receiving
,tc.rcc1 recharge, u€ would ei:cecr- the r*el-1s could possibly be
o,.:nced ar greater cc-l Di:'rlties than recornmendeC, f or shr>rt
Dcr':ocs of trme. (.)n +-irc other hanC, during extreme drought
conditions, the f lox f rorn the welL rrnay have to be restricted'
sonicwi]at f rcrn the rates we recommend.

:.Je appreciate your eonf idence'in'La1'ne-t'Iestern Company in
allowinj us to do this recent water supply work for you and
srneerely hope our worl:manship and rnaterials have in every
wal' met with your satr;faction. Should you have any guestions
reoarding an), of the information enelosed, or the invoicing of
our work, please get in touch with us.

lf \.t/e may be of further serviee, please let us know.

Thank you very mueh.

\7 L ru 1r, vou rs
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fl -i..+#_ J'o,)';,o-'UUonter* Crorrlriir,/

l. t;a:t N
LIo-vd " Chain CorPoration

No l(c 633 -3 Dat /70

Iti ssour i

TEST HOLEr-1'ct d;. ' -'

No. 1-70 ;,,;t/;'t' '/

J. HarPeriI Ie -- -State
Driller

15{ E. 5' S. of S.E. corrter of Building
O'ri.^Ca and Dirrcrlo.'r {rom Prmencnl LlnCrner{t a Prcvi:l't Ter? Hoh

J- TEST LOG

Static Water Level MeasureC

I

I

Tnora

oto"

1 t.1r.

5 t 0"

ra^R3H

rU N NEL
Ituo 7lr

LOS'

lxcxca

Hours After CornPletion

,oerAYroX
ro

l'0"

5'0"

I1t0"

vracotl
aacoxoo

Bror^'n clay f iL}

Dark gray claY, stiff

I cr"y clay, stiff

20'0"

22'0"

Dark brown cIaYeY silt, soft

Gray sandY cIaY, soft
L r c"

j., r0"

2rc"

25,0,' :30,;i"

JJ'O
!

! ao'0"

2 5'0" v'ater 2" i cray med. to coarse, some fine sand

5" GraY med- to coarse, tr. f ir:e sand, grave)'

Gray sandY cIaY, few boulders, stiff

at

g3'0" To'-aI dePth

I
3'6" 4r0"

{OTES: Sirr ol Ptt
5'0" x
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l'.,Lr*hf". JL;',c-'Wnote,,, Coor,ylo^i

TEST HOLEwNo. 2-7 0
Contract l''ilmo- Llol'fl Chain Corporation

Jor, No.---'c 633-8 4/7/70e_.-

i.iuJv ille (r Misate--- sourr Driller J. Harper
City-

Te;t Hole Locati
7 .'59 S.w. of s.hr. corner of building

Distencr rnd Direction {rom Pcrmenenr t:ndmert or Prcvior.rrTcst Hcle

TFST LOG

TFOrl

c'0" I',0"

1 '.0" 5.0rr

Static Water Level

Hours After letion

70Rlr ATt ox

Measured
xu9 PtT

LOaa

rxcHEa
t Ecor.oa

5|O" 10t0"

CIay fill

Dark gray cIay, stiff

Light gray cIay, siiff

l0'o" 1g'0" Gray silty clay, med.

lJ19,0,' l?I'0,, vater

2,',0"

Gra f ine to med. sa:rd

)i 2" Grar.' med. to f ine, sorie coarse sand25'0"

t
I
I
T

t
I
I
I
I
T

I
I
I
t
I
I
T

T

2i.l'0" 2f)'0" tl Gra.,r med.
7l-.c€

to coarse, tr. fine sand, graveI

26',0"
I61'C" ![:]6'0"

Gra s and cIa n,ed -

Grav sandv cIav, stiff

06I t,

rl

tt

a a 4in ha e

3'0"

a

NSTES: Sirc o{ Pit
4.0"
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i'r' :t
\r,/
y tlc-

...'.-' .,/ " ." !:-l ---i, i't r;1ii41\1*-j.dY-F J'* ul/ootor.,, (-o,n /flny'-
Lloyd Chain CorPoration TEST HOLE Trn )-

a lar

No.-L/-19-w4( es-

Driller J. Harper

ucntract Na

'-'Nc t(c 633-B 3/7 /7Oate

1'. d viIle ate Missouri

225t O" N. of, No. 1-?0
Tr-st Hoic Locati

f)r3trnce rnd Direqriqr lrorn Pcrmencnt L-endmr*. cr Previotg tert Hoh

TEST LOG

I t o"

4',0"

Static V/ater Level Measured}.AA3H

TUNXCL

Ytacoat
aEcoxot

xuo PIr
LOat

tNcxca

Hours After CornPletion
rR CH

0'0"

1r o"

fc,

'OFT'ATIOH

i Top soi]

I Dark graY c1aY, st,trff

.1 t Ctt

i0t0"

i2 t 0"

!

10'0" I

1.2'0"

15'0"

i Grai'clay, stiff

Brown & gray siltY cIaY, stiff
i

I Brown clayey silt, soft

I5t0" Lq'0"

-?',1" 25'0" water

G::ay s.andY claY, stiff

6 Gray med. to coarse. some. fine sandtt

25'0" 27'6" te'r tl S ameI tr. fine sand, t!. gravel

27',A" Gray sandy cIaY, med.33 t 0"

3,O"
IiCTES: Siro of Pl

4', O"

46
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APPENDIX C

PHOTOGRAPHS
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a

Photo 1

MI^I lfOW-1 upgradient
(itigtrway deparLment in upper righE hand corner with

steel for heavy equipment plosesE Lo well head)

48



Photo 2

MW /fOW-2 downgradienE

49



Photo 3

MI4l ll0W-.) downgracl ittnt of surf ace impoundrnent

50



Piroto 4

f"IW -riOW-i downgr:adier-iI of
( jpp.:r i,:It ira;rd corner is

surface
,1iktr of

impo rr n<lme n t
impoundrne n t )
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APPENDIX D

OBSERVATION WELL CONSTRUCTION
SUMMARY FORMS

52



OBSERVATION WELL GONSTRUCTION SUMMARY

GROUND
E LEVATION

Same
mat.erials

I0'

Tan silty
clay G 12.0'

Water leve1
oa 9lZLl84 by
GCA G r2.95',

Same as above
materials

Type of surface ,""1 ' Cement grout'broken seal observed

Elevat ion of reference point

Height of reference point above
ground surface

Depth of surface seal

l.D. of surface casing
Type of surface casing 6 inch diameter

schedule 80 teel oioe

Depth oI surface casing

l.D. of riser p

Type of riser p 4 inch diameter

Diameter of borehole

Sand
Typr. of f iller

Elevat ion ,/ depth of top of seal
Type o[ seal Pe.l fifa

Type of gravel pack Clean l/2 inch
Elev. /depth of top of gravel pack

N A

N/a

t5 feet

6 inch

!2 feet

4 inch

8 lnch

35 feet

!7 .7 f.eet

t10 feet

4 inch As-buil

120.5

2I.55

N/A

2t.55

pe
pe

:r
o
tr.
I
F.

E,
F
a

(:
trl
Fl
.J

(r
ar.,

IJ(,
Elevation ,/ depth of
Descr ipt ion of screen
wrapped with Typar

top of sc
Slorred

reen
PVC

I .0. of screen sect ion

Elevat ion / depth of bottom of screen

E I ev. /depth of bot tom of grave I pack
Elev./depth of bottom of plugged
b I ank sect ion

Type of f iller be'l ow plugged
sect ion I /^ 'inch e1e^n gr-r,e1

Elcvat ion of bottom of borehole

Note t depth are from as-built details.
53 o oa f"'i,33fl??iillP,l)f"

GOA

and T\^ro River Floodplai

ow-1
WELL NO.

AOUIFER

Aquifer
One Hundred

GCA Audit Measurements on 9/21/84
Benjamin P. Berrios, Paul Turina

Nixdorf f-Lloyd Chain Company

T6

EPA ID/T MOD 9923878 4 Marvville. MO

PROJECT

SITE

C\CORDINATES

SUPERVISED 8Y

DATE COMPLETED

SE I/4, SE 1/4, SE 1/4, SE 1 4 Sec 16

5'

Brown
silty
clay

FORM tOOe



OBSERVATION WELL CONSTRUCTION SUMMARY
PROJECT Nixdorl-f -l,l oytl Chain O<;mparry

SITE EPA ID/l MOD 99238784 Marvvilte. Mo

COORDINATES sE t/4, SE t/4, SE i 4 SE1 4 Sec 16 T6

DATE COMPLETEO GCA Audit Measurements on g/21/84

SUPERVISED BY
Benjamin P. Berrios, paul Turina

N A
Elevat ion of reference point

ark Sray
clayey silt,

2t moi-st, loose

Brown silty
clay, moist,
sriff

Light brown
sandy clay
Water level

on 9l2Il84 by
GCA G 8.94,

Gray sandy clay,
moist , st j-f f

15'

Brown clayey
sand, wet,
medi-um stiff

He i gh t of re fe rence po i n t above
ground surface

Depth of sur face sea I

Type cr

broken seal observed
f surfacc seal: Cement grout

N/aGROUNO
T LEVAIION

+5 feet

6 inchl.D. of surface c.rsing
iype ol surfact'casing 6 inch di-ameter

schedule B0 st 1 oioe

Depth of surface r-asing

4 inch diameter

t2 feet

4 inch

B inch

1J feet

!7.7 feet

t10 feet

4 lnch As-bui1

120.5

+20.5

N/a

22.60

i.D. rrf risr:r 1,lipc
rype,lt riser I>il_rr:

21

,!

r
A
<tr

I
l

t.-
tt)

r)
h,
n.l

<l
&
,
w(,

Itiametcr of borehole

Sand
Typt.ol f iIler

E lr:vat ion ,/
Type rlf sea

dcprh of top of seal
l: Pelletite

Type o{' grave I

Elev./depth of
pac k Clean 1/2 inch
top of gravel pack

Elevatirsn / dcrpth of top of screen
Desc r i p t i on of sc reen Slotted PVC
wrapped with Typar

l.D. of screen :,(.(-Lion

t levat ion ,/ dep:th of bot tom of screen

F- I ev. ,/dei-r t h of [:9 t t orn of g rave I

Elcv.,/depth of br>tL()nr of plugged
Ul.ink section

pac k

<- Typr-,of f iller below plugged
-scc t ion 1 /2 inah elean gr:val

Elt'v;rt ir>rr of bottont of borehole

Aquifer
One Hundred

and Two River Floodpla

ow-2
WELL NO

AQUIFER

Note + depth are from as-built detai,Is.
54
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OBSERVATION WELL CONSTRUCTION SUMMARY

N A
Elevat ion of reference point

He ight of reference point above
ground surface

Dep t h of su r face sea I

N./aGROUND
E LEVATION

t5 feet

Type of surIace qeal ' Cement grout
broken seal observed

6 inch
Brown silty
clay, moist
medium stiff
to stiff

Water level
oa 9/21183 by
GCA @ 6.15t

g.5r

Gray silty sandy
c1ay, moist,
srif f

Brown clayey
sand, wet,
medium stiff

1g'

Brown fine to
medium sand
wet, loose

I . D. oI surface c.-rs ing
i ypc of sur fact' cas ing 6 inch dlameter

schedule B0 stee 1 oioe

11
<{
x.
9
F

IY
t-
t/t

o
tr,

r
4-,,
4,(,

Typ,-,ol'fiIler

Depth of surf .tce r:as ing

LD. rtf riser 1;ipe
Iype of riser 1>ipe

Diameter of borehole

Sand

4 inch diameter

top of screen
Slotted PVC

t2 feet

4 inch

8 inch

t5 feet

17.7 feet

t10 feet

4 ineh As-buil

t20.5

120.5

18. 25

silted in the
well screen

E lr-'va t ion / 6gpt h of top of sea I

Type of t"o1 ' Pelletije

Ty
EI

pe oI ctravel pack
ev./depth of top of gravel pack

Clean LlZ inch

1 3 E leva t ion / dt:pt h of
Descr ipt ion of screen
wrapped with Typar

LD. of !;creen se(_tion

Note + depth are from as-built details.
55

t. levaL ion ,/ jqpth of bot tom of screen

E lev,,/depth of bot tonr ef gravel pack
Elev.,/depth of borronr of plugged
blank section

Type of
section

filler below p l ugged

E lc,vat ion of bottom of borehole

ooa
GCA

20.5

GCA CORPORAIION
Technology Division

Benjamin P. Berrios, paul Turj_na

PROJECT Nixdorff-Lloyd Chain Company

EPA lDi/ MOD 99238784 Marvville- 140

B4

4 Sec 16

GCA Audlt MeasuremenEs on 9 2r/

SITE

COOROINATES

DATE COMPLETEO

SUPERVISED BY

sE t/4, SE t/4, SE tl4, SE 1

Aquifer
One Hundred

and I\uo River Floodplai

oI.I-3 lWELL NO.

AQUIFER

clayey silt
mo j.st, loose

2l

rk gray

roRM rooe



OBSERVATION WELL CONSTRUGTION SUMMARY

GROUND
ILEVATION

Elevat ion of reference point

He ight of reference point above
ground surface

Depth of surface seal

Typtr of sur f ace
broken seal

sea I
Cement grout

observed

l.D. of surface casing
1'ype of surface casing 6 inch di.ameter

schedule B0 steel pipe

Depth of surf .tce r-as ing

i.D. of riscr pipc
iype of riser pipe 4 inch diameter

schedule 40 PVC- nlno

Diameter of borehole

Sand

Eievat ion /
Type of seal

depth of top of seal. Pel'letite

N A

N/A

t5 feet

6 inch

t2 feet

4 inch

8 lnch

t5 feet

t7.7 feet

110 feet

4 lnch As-bull

120.5

120.5

20.35
sJ-lghtly silt
in 6he
well screen
20.5

t
o

u,9
f-

t"(.

F-
0,

o
tr,
nl

(!
t\J,
tr,(,

silty clay
with gravel

Gray silty
clay, moist,
stiff

Water 1eve1

Light brown silt
clay with trace
of sand moist

10r medium stiff

l2l

Same material

Dark gray sandy
c1ay, moist,
very stiff

on el2L/.84 bt I

ccA @ 6.98' I
8'

vl

I

Typc ol filler

pe o[ qravel pack Clean ll2 inchTy
EI ev./depth of top of gravel pack

Elevation / depth of top of screen
De sc r i p t ion of sc reen $fgEgg-!yg--
wrapped with Typar

I.D. of screen sectionl5'
I levat ion / depth of bottom of screen

F- lev. /depth of bot tonr of gravel pack
E lev.,/depth of bottonr of plugged
l-, l.ink seLtion

TySrr: of f i I ler be lcrw plugged
sec t ion

E lcvat iorr of bottom of borehole

Note t depth are from as-built details.
56 OOA $Snffi'fn?B,llPJ)'"

GCA

and Two River Floodplai

0w-4WELL NO.

AQUIFER

Aquifer
One Hundred

GCA Audit Measuremenrs on 9/21/84
Benjamin P. Berrios, Paul Turina

Nixdorf f-I.loyd Charln (lom1>:rny

EPA ID// MOD 99238784 Maryvllle MO

4 Sec 164, sE I

PROJECT

SITE

COOROINATES

SUPERVlSED BY

DATE COMPLETEO

sE t/4, sE t/4, sE I

Dark brown1r

FORM rOOe



APPENDIX E

STANDARD OPERATING PROCEDURES
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MONI'TOR WELL PURGING AND GROUND I^]ATER SAMPI.ING

Purging and Sampling Protocol

Purging and Sampling Methods--Submersible Pump

Objective - Removal of sEagnant or oEherwise nonrepresentative water from
in and around the well casing. The monitoring of pH, temperature, and

conducEivity of the purge water will typically indicate adequate purged

conditions when these monitored parameters show stable readings for a volume

equivalenE to one well volume.

Alternately, purging will be considered adequaEe when the water leve1 in
the casing falls below rhe top of the screened interval and an additional
volume equal to t.he volume of the screened interval is removed, or Ehe well
runs dry.

Purging Procedures--

When purging a moniEoring well, the following procedure will be followed:

Check location and verify well number.

InspecE casing for security, maintenance, and integrity.

- Look for rusE or material deterioration;

- NoEe condirion of surface grouting; and

- Inspect for signs of inadequate surface water drainage.

Remove the well cap.

Measure and record the depth to water using a previousry calibrated
depth fiader. Record the time of measurement.

Clean depth finder.

Measure and record the total depEh of Ehe well using a weighted
stainless steel surveyorts tape. (ttote: add length of weight and
connection to measured reading. )

Clean surveyorrs tape.

a

a

o

o

a

a

a
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o Determine well volume.

Well volume (ga1lons)
x 0.163.

rad ius x ( total depth - depth to water)

Position plastic sheets around the wel1.

Set up submersible pump, bailer, or peristaltic pump according to
manufacturert s specif ication.

Connect purging cell to the pump outlet tubing.

rnsert pH, conductivity, and temperature probes into purging cell. (A11
Ehese instruments shouLd be calibrated according to manufacturerrs
specifications. )

o

o

a

o

o

. StarE

Lower pump until
is submerged.

P1ace purging ce11 into a graduaEed container.

is at top of well screen or until top of pumpinle t

I

purg 1ng :

Measure and record flow raEe;

Measure and record pH, temperature, and conducEivity; and

Nofe visual characteristics at various t.ime intervals.

a Adjust pump cycle to maintain a consEant
however, reduce flow rate as necessary to
operatorrs manual").

Monitor drawdown rate during purging (if

discharge if possible,
prevent aeration (see

o

a

possible).

Terminate purging when:

- pH, conductivity, and temperature sEabilize;

Drawdown reaches top of screen; or

- I,JeIl runs dry.

Record reason for purge termination.

Record final indicator readings.

Record visual characterisEics.

CalculaEe well volumes removed.

a

o

a

o
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o Remove pH electrode from cel1 and measure pH in purged rrater
containe r.

Sampling Procedures--

t^Ihen sampling a moniEoring welI, the following procedure will be followed:

Submerge pump to approximately 5 ft belotr, the top of the screen (if
possible).

Adjust sampling rate to approximately 500 ml/min Eo prevent
excessive drawdown.

Collect sample for volatile organics (purgeables), if required, by
slowly following VOA vial down one side to minimize aeration or
disturbance. Fi11 to positive miniscus, carefully close with septum
cap. Collect duplicate VOA vials and label.

a Atrach in line 0.5 m filter to pump discharge and collect l-liter
sample into Nalgene bottle. Immediately preserve wit.h Ultrex niEric
acid to pH 2. Label sample and designate for trace element
analysis. Remove in-1ine filter and discard unless otherwise
specified.

Collect remaining samples as required. Use appropriate containerr
preserve and 1abel. Record sample collecEion Eime with each sample.

After completion of sampling, record final pH, conductivity,
temperature, and depth to water. CompleEe chain-of-custody/
inventory form.

Close and resecure well casing cap or oEher proEeccive/security
closure and record final closure time.

Clean pump and bladder thoroughly with Alconox and D.I. water
beEween we11s.

a

o

a

O

a
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APPENDIX F

GROUND WATER MONITORING REPORT FORMS
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GROUND WA'I'LR MONI't'OI(ING REI'OR'I' I''OR}'I

,t?
EPA ID/I

(

th to Water

Water Volume J.n Casing gaJ.loos

olume (ea1) = 1v (ft) x [r(ia.)]2 (0.163)

// ^ll11o^-r-'TName of FacilitY

Address

Date

he]-l ID 'l-'

Casing Inside Dia.

Sampliug l"lethod

PURGING:

Inlt.

desigu: .; '/t,
Total Ilepth meas: 2t/.<'( DeP

Plcture Lxp .lt _/_ Bearj.ng Cet n 4tt

total l./ater (Dif. ) fr 61

Depth to top of screen =
,1 L/*14.-

u

Start Tine i2 d Stop tine 4t ):-l

nla2 Ln a/-Snln (,S'nlr,., 'Tt)m:.Lr, /isnin l4^n,
L-Lr- gz ( 57 6.',< e-;il-
? s,, y'y'ri, <oo t0r,1i5 S2{ Eg.u-

/./ tg /7
/436

Post
SanpJ-iag

pH

Conduct.

Temp.

Volume

Depth to
Hzo

Reason for Purge Termioation

Depth

flnal:

Total Voluure Renoved 2-2.{ 
- 

Sallons 

-

o.<'./ well volumes

PJ]COVEI(Y: rnit. i'f nu

frf,2 iy'to
l{f ^io ? I nin Zi-fntn Q?nLn Z ZmLn {.trirt" {-aLr.

/A'/t ,rr,//f druZE&
SAI,IPLE DESCRIPTION LnLtial:

1
Well cap & SecurltY

Groutlng & Dralnage

Accessibllity ?--l

:

j

?aCOM},lLI{TS

.2
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GROUNIJ I{A].'LI( MONITORING RT]PO[(1 T'OR}T

EPA rD/t l-tr' 4r"{tr'^z.n -?/
Name of FacilitY

Address

Date
.r'1

hel-l ID ,/)
-)

o( Picture ExP. lr 2 Bearing t5/%,h01//-3

th to l{ater ,ia lotaI water (Dif . ) ,/ <4t,

I.later Volume ln Caslng ?,:J galloas

Volune (gal) = 114 (ft) x [r(ln.)] 2 (o.rog)

7-r
deslgn:

Total Depth meas:

Casing Inside Dia. ./

Depth to top of screen
/")

Sampling l"lethod

./".r,r/
/22-t l'Dep

PURGING: Start Tine

Inl-t. mln min mln

pH

Conduct.

Tenp.

Volune

Depth to
li20

Reason for Purge Termiuation

Total Volune Removed

Stop line

min mIn mln
Post

mlu SamplJ.ng

"1

nl-a min

gallous

min min min

well volunes

nln nla
RTICOVERY: lnit.

Depth

SA},IPLE DESCRIPTION

nrn

inltial:

final:

Well cap & SecurltY

Groutlng & Draluage

AecessibllitY
c0},ll,ltNTS

I
4
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GRoUND WA'r'lR MoN|t'ot{ t-N(; Rl},OR'l' I'ORM

Name of l'acility

Address

DaEe

helI ID

design:
Total llepth meas:

Sampling l,lethod

PURGlNG:

Init.
pH

Conduct.

Temp.

Volume

Depth to
Hzo

Total Voluure Removed

SA}4PLE DESCRIPTION

2 1n l/ur:ln _&r"
4{/ 5-Fo
i; so ri €o
/ 1',),

(/, v,pr tott

Picture Lxp. /r 3 Bearing

Depth to Water 6 /< rotal l./ater (Dif . ) /2./D

Start Time l,-o,*-t Stop f ine /y'i * r^

7./

Casing Inslde Dia. //,, r.r-Z' l^later Volume in Casing f. ;Z gallous

Depth to top of screen3,,rj {:rr't' Volume (sal) = TW (ft) x [r(in.)]2 (0.163)

//

,R ^io ,/Onirt / Tnin Z'%in
S-gS -t-:b ;/b
5 ''1(' 5 7g {7f

L)

(o

well voluures

Post
Sampling
7j''' y'gc /<*,*az(

slp

/r;o(

Reason for Purge Termination

7,* za{

gallons /.r/1,./z
t /f-{ -tt.i< - -*{.r c, t'4

RIICOVERY: Init. 2.9nin Smi.n

7rf ''?f
/) nLn ,14 nia /f nu ,/f ^n min

(./z L6 (;Z 66
? nir-

4,, , t'('

initial:

fiual: ',')t z* /

fJell cap & Securlty
Grouting & Drai-rrage

Accessibllity
-/.cOl'll"lENTS t
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Name of Facility
/

Address 4 i

GROUND WAI'IIT MONIiI'OITING RI]PORT I'ORM

EPA ID/I

.,/.,. n, . / ?Z ,/,'y',,t -, , lt 2,,4 \'( tt/r,,

Date

hell Il) Picture Lxp. /l tsearing :57-Sl,*tA/-3
desiga: 'l'l f -

Total- l)epth meas: '2o,z.P Depth to Water (r" 7{ lotal water (Di.f .) /3, /a
Casing Inside Dia. /,-r/n Iiater Volume in Casing f,,/O gallons

Deprh to rop of screen ? lOrb-y' votume (ga1) = Ttl (ft) x [r(in.)]z (0.163)

,k

PURGING: Start Time

Init. mln m1n

pH

Conduct.

Temp.

Volume

Depth to
Hzo

Reason for Purge Termi.natiort

Total Volune Removed

RECOVERY: -Lnit. min

m1n

Stop fime

min mlu
Post

mj.n min Sampling

mLn ml-n

gallons

min m]-n Itr1n

we].l volunes

mt-n m]-n

Depth

SAMPLE DESCRIPTION inltial:

final:

Well cap & Security
Groutlng & Dralrrage

Accessibllity
COM}'IENTS

2'
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APPENDIX G

AUDIT CHECKLISTS
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F.\T--ILIIY SPECTION FO

S'I'A-TUS STA AR

APPENI)IX \-1

R}1 FOR (]O\IPLIANCE WITH INTERIM
OV EIl G (;tt ND- 11 R G

CompanY Name:

ConrpanY Address:

Tlpe of facility: (cheek appropriately)

a) surface imPoundment
b) Iandfill
c) lsnd treatment faeilitY
d) storage faeilitY

Ground-!Yater Monitoring PIan

; EPA t.D. Number:I )

Inspector's Name:

Yes

E'1" n, r',,,,,f.K',,o;" ;ft',/ Z'"';(

Company Contaet/O f.f.ielalz .-f n .., '. L,"z*t 
-; 

Branch/Organization:

fitle: Date of InsPection:
!)

No Unknown

i
I

x./

L
X

1 tlas a ground-water monitoring plan been

submiited to the Regional Administrator
for facitities eontaining a surface
i mpoundment, landf ill, land treatment
proeess, or storage facilitY?

lrlas the ground-water monitoring plan

reviewed Prior to site visit?
[f "No",

a) tVas the ground-water Plan
reviewed at the faeilitY Prior
to aetual site insPection?
If "No", exPlain.

2
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Yc's No Unknown

llas u ground-water rnonitoring prograrn
(eapaUle of determining the fae-ility's
irnpact on tlre q{ality of groundwater in
the uppermost aquifer underlying- tfe
iaciriiV) been irnplemented? 265'90(a)

Has at least one monitoring well been

instaUed in the uPPermost aquifer
hydraulieally upgradient from the limit
oi tf,e waste management area?
265.el(aX1)

3

4

X_

a) Are suffieient ground-water samples
from the uppermost aquifer, represen-
tative of background ground-water
quality and not affected by the faeility'
ensured bY ProPer well

1) Numbec(s)?
2l Location?

. 3) DePth?

5. Have at least tl'rree monitoring wells been

installed hydraulieally downgradient at the
limit of the waste handling or management
area? 265.91(a)

6. Have the locations of the waste handling'
storage, or disposal areas been verified to
confoim with information in the
ground-water Plan?

7. Do the numbers, locations, and depths
of the ground-water monitoring wells
agtee with the data in the ground-water
monitoring sYstem Program ?

If "No'r, exPlain diserePancies.

T_t.
x-

Y

X

68
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Yes

v"

X

No Unknown

B tlas rr :lrottltd-wtrtec sarttJ.rlrng and analysts
plan been develo,Ped? 265.92(a)

a) Has it been followed?
tr) Is the plan kept at the faeititY?
c) Does the plan inelude procedures

and techniques for:
1) Sample eolleetion?

Sample preservation?
Sample shipment?
Analytieal procedures ?
Chain of custody eontrol?

9. Are the required parameters in ground-water
samples planned to be tested quarterly for
the first year? 265.92(b) and 26S.92 (eX1)

a) Are the ground-water samples
analyzed for the following:

1) Parameters characterizing
the suitability of the ground-
water as a drinking supply?

265.e2(bX1)
2) Parameters establishing

ground-water qaulity?
26s.e2(b)(2)

3) Parameters used as indieatos of
ground-water eontam ination ?
265.ez(bx2)

(i) Are at least four replieate
me&surements obtained for each
sample? 26S.92(cXZ)

(ii) Are provisiors made to caleulate
the initial baekground arithmetie
mean and variance of the respective
parameter coneentrations or values
obtained from wetl(s) during the
first year? 265.92(c)(Z) -

b)

Z_
X-
V

2
3

{
5

a

,X

,u

+-

,Y

I

For faeilities whieh have eomplied with
first.year ground-water sampling and analysis
requirements:

Have samples been obtained and analyzed
for the ground-water qaulity parameters
at least annua[y? 265.92(dXi)
llave samples been obtained and
analyzed for the indicators o[
grorlnd-water eontarn ination at
least semi-annuaily? ZSS.gCt,fXZl

l)

69
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t

Yes No Unknown

x

e)

d)

e)

Were ground-water stlrface clcvatiotu
cletermined at eaeh rnonitoring weU eaeh

tlrne I samPle was taken? 265'92(e)
iV"t" the ground-wster surfaee elevations
evaluatedlil detetmine whether the moni-
toring wells are ProPertY Plaeed?
265.93(f)
If it was determined that modifi-
cation of the number, location or depth
of monitoring wells was neeessary, was

the system biought into complianee with
265.e](a)? 265.93(f)

v-

I

10. Has an outline of a gtound-water quality
&ssessment Progtam been PrePared?
265.93(a)

a) Does it deseribe a program eapable
of determining:

1) Whether hazardous waste or hazardous
waste eonstituents have entered the
ground water?

2) fhe rate and extent of migration of
hazardouts waste or hazardous waste
corstituents?

3) Coneentrations of hazardous waste
or hazacdous waste constituents in
in ground water?

b) Have at least four replieate measure-
ments of eaeh indieator parameter been
obtained for samples taken for each
weU? 265.93(b)

1) Were the results eompared with the
initial background mean?

(i) Was each well corsidered
individuatlY?

(ii) Was the Studentb t-test used
(at the 0.01 level of signifieanee)?

2l Was a significant increase (or pH

deerease) found in the:

(i) Upgradient wells
(ii) Downgradient wells
If "yes',, 

-Complianee Cheeklist A-2
must also be eomPleted.

70
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a

Yes No Unknown

Ll. llave records been kr:pt of uttalysc*; for
parameters establishing ground-water
quality and indie.ators of ground-water
contamination?. 265.9a(aX 1)

12. Have records been kept of ground-water
surface elevatiors taken at the time of
sampling for each weII? 265.94(a)(1)

f 3. Have the fotlowing been submitted to the
Regional Administrator 265.94(a)(2) :

a) Initial background concentrations of
parametes listed in 265.92(b) within
tS Oays after completing eaeh quarterly
analysis required during the first year?

b) For each well, any parameters whose
eoneentratiors or values have exeeeded
the maximum eontaminant levels allowed
in drinking water suPPlies?

c) Annual rePorts including:

t) Coneentrations or values of
parameters tsed as indieators
of ground-water contamination fon
each well?

2l Results of the evaluation of
ground-water surf ace elevatiors ?

7l
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Al,l,l..i{t)l\ li

(;tt()t,Nt)-tV,\'t't:tt II()NI't'()tttN(i SYSI trU t't.:':ilNt(jAl, ASSl..SSMlrN'l'

1.0 llackground Data:

Cr:rnpany

Company

67/7r'

Inspeetor's Name:@"/Aha€,n /4. *,>-r--; Date:

1.1 Tyr,e cf facility (cheek appropriately):

N u*u, *l/i o r1r .,# * //, / /U^-lL; EpA I. D. s :

Address: P/rr,.rr,, //s .r/l,rr;r...-,'

1.1. t
1.L.2
1.1.3
l. 1.,1

surfaee impoun,lrnent
landf iU
land treatment facility
storage faeility

x-

t.:l [{as a gtound-water rnonitoring systern been
established?

r.2. t Is a ground-water assersment outlined
or proposed?

If Yes,

1,2.2 Was it reviewed prior to the site visit?

t.3 Has r ground-water quality assessment plan been
irni-lernented or proposed at the site?

If yes, Appendix C, Ground-Water Assessment Plan
Technieal Assessment rnust be utilized also.

2.0 Resional/Faeilit y Map(s)

2.t Is a regional map of the area, with the facility
delinea ted, inelurded?

If yes,

2.1.1 tVhat is the origin and scale of the rnap?

'2.1 2 Is the surf icinl 11eolr:gy adequately illustrated?

72

(Y/N) /r_
$NV7-

(Y/N) VT-
(Y/N) y

/_(Y/N)

E Ertec
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2.r.3

2. r.4

2.1.5

.\rr: tlrcre rrtry :;rg1if ieant topo61'nphie or
srrrf ieirrI featrrres cvi<lent?

If yes,'describe f /:,./,,,
.//

,''l lfz-'r,, i t( ' r'

(Y,'N)

(Y/N)

(Y/N)

(Y/N) L

,'/r^n.t',
)

-7/
Are there any streams, rivers, Iakes, or wet
lands within 0.5 mile of the faeility?

If yes, indieate approxi te distanees from
the faeilit

Are there any discharging or neeharging wells
within 0.5 mile of the faeility?

Ifves, indieate ma istanees f the
faeility.

4

1

2.2 Is a regional hydrogeologie map of the area included?
(This information may be shown on 2.1)

If yes:

2.2.L Are major areas of reeharge/dishearge shown?

2.2.2

2.3 ls u faeility plot plan ineluded?

2.3.1 Are facility eonrponents (tanks, impoundernnts,
ete.) shorvn?

Are any seeps, springs, streams, ponds, or
wetlands indicated?

73

(Y/N)

lf yes, deseribe.._-

Is the regional ground-water flow dineetion
indicated? (Y/N)

(Y/N)2.2.:l Are the potentiometrie eontours logieal?
If not, explain.

(Y/N) v
(Y/N) I-
(Y/N) /

I

2.3.2

3 erteg



't.3.:l Art: tltc lor:rtti,rtts uf rttly tttottttrrrtttlf wells, soil
llorittlls, rrr trlst lrit:; r,ltrlwtt l

2.3.1 [s the fucr lity tr rrlulti-componcrlt lacility?
:

If yes:

2.3.4.1 Are indrvidual eornponents monitored
separstely?

2.3.4,2 ts a Waste Managerttent Aree delineated?

ls a site water tabte (potentiometrie) contour map
ineluded?

lf yes,

2.4.1 Do the eontouts eppear logieal based on
topography and presented <latu? (Consult

water level data)

2.4.'2 Are groundwatt-'r flowlirres indicated?

2.4.3 Are static water levels shown?

2.2.1 May hydraulie gradients be estimated?

2.4.5 Is at least one monitoring well loeated
hydraulieatly upgradient of the waste handling
or waste management areas?

(Y/N)

(Y/N) //

L

u_

(YIN)

(Y/N)

?.d
(Y/N)

(Y/N)

(Y/N)

(Y/N)

2.{.6

o a.,l,..l. a their loeation do the upgradient wetls aPPear
eapable- o prov ng representative ambient ground-
water qrrality data?

If no, explain.

-/pn-
2.1.8 By their loeation, do the upgradient wells &PPear

Are at teast three monitoring welis loeated
hydraulieally downgradient of the waste
handling or wsste management areas?

'I

eaoable of 'lete
frorn the waste

cting eontarn inants emanating
handling or waste management

areas? (Y/N)

74

If no, explain
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3. r'l

3. r.

3

/ -i,t :i

Igrt_ !l_": t,tg /' Ir::t llt_! | r: I,,,_t_:

Wcre soil borings/test piLs rnurle untler ttrr: srrpervision
of n qualified professional?

If yes,

3.1.1 lndieate the individual(s) and affiliation(s):

(Y/N)

/a

b
Z2 r,T- 

"u/E-7or2z,'
,1,2

ilt
l'n''f

Indiee.te the dritling/excavating eontractor, if

- -/.2'1't 4! (, t:, "/;-z 
^r, /./, ''ir/^*v

known

,/
3.'2 If soil borings/test pils were nrade, indieate the method(s)

of drilling/excavat ing:

Augec (hollow or solid stem)
Mud rotary
Air rotary
Reverse rotary
Cable tool
Jetting
Other, including exeavation (explain)

3.3 List the number of soil borings/test pits made at the site

o
o
o
o
o
o
o

3.3.1 Pre-existing

3.3.2 For RCRA eomplianee

g_
L

I
3..1 Indieate borehole diameters and depths (if different

<liameters and depths use TABLE B-l.t).

..t43.4.1 Diameter:

3.4.2 Depth: 7t. ( (/

3.5 trVere lithologic sarnples eollected during dri[ing?

If yes,

3.5.1 How were samples obtained? (Cheet< method(s))

o Split spoon
o Shelby tube, or similar
o Rock coring
o Ditch sarnpling
o Ottrer (explain)

75
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b/-

(Y/N)

--)(
I
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tNFoHsArlota TA6t-E B- t

BOBIllo ilo. DIATETEROEPTH
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3.5.2 At wtrat intcrvul w()re .sll tttpli:s t:ollr:etr:<l?---_
';)

l].:i.3 lVere \he tleposiLs or roek uniLs penetrated
rlescribed? (bocing logs, etc.)

3.t; II tcst pits were ex(-'ttv&te(l at the site, deseritre

4.0 Well Comple tion Detail

4.1 i{ere the wells installed under the supervision of a qualified
prof essional?

If yes:

4. i, 1 Indieate the individual and affitiation, if known

(Y/N)

(Y/N)

--t

-/t (-'

4.1.2 Indieate the well construetion eontraetor, if known d a?

4.2 List the nrtmber of wetls at the site

{.2. t Pre-existing

4.2,2 For RCRA ComPlianee

4.3 !VeLI eonstruction information (filt out INFORMATION
TABLE ts.?)

4.3.1 If PVC well screen or easing is used, are joints
(couplings):

o Gluetl on
o Screwed on

/

.1.3.: If wetl sereens are sand/gravel packed, are the
sand/gravel paeks sealed from the overlying
lnater ial? (Y/N)

lf yes, cleseribe:

o Bentonite seals
o Cement plugs
o l{ow tlriek are the seals?

77
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IT{FORtrATIOI' TAELE !.2

w€LL r.o-

GffOUI.D ELEVATIO}'

TOTAL DEPTH

TYPE HATERIAI'

OIAITTEN

LE}'OTH

sTtcr-uP

TOP ELEVATIOi

EOTTOX ELEVATIOX

o

=o
(,
J
J
[l
j3

a
E'
lll
G
u
0
J
J
UT

I

*(,
5[
,{d
E:
:o
lll \coot

o

78

DEPTII TOP/EOTTOI'

TYPE IATERIAL

TOP ELEVATIOTI

BOTTOI ELEVATIOT

DIAIETER

LEIIGTH

SLOT gtZE

OEPTH TOPIBOTTOT

TOP EI.EVATIOT.

EOTTON ELEVATIOr{

OIAUETER

LENGTH

E eruc



4.3.3

4.3.6

4.3.7

4.3.8

If yes,

5.r.I

5. r.2

If "open lrole" .wells, are the casings sealed
in place? (Y/N)

If yes, rleseribe how:

4.3.4 Are annular spaees filled?

lf yes, deseribe:

o Cuttings baekfill
o Cement grout
o Other (explain)

fu.,'4,<*t,

(Y/N}

T
,h/r;-/

4.3.5 Are there eement surfaee seals? (Y/N)

If yes,

o tlow thiek? ,/Z
Are the wells eapped?

If yes,

o Do they lock?

Are proteetive standpipes eemented in plaee?

lilere wells developed?

If yes, eheek appropriate method(s):

(Y/N)

(Y/N)

(Y/N)

(Y/N)

LLlk
o Air tift pumping
o Pumping and surging
o Jetting
o Bailing
o Other (explain)

4t

I

t\ 5.1

5.0 A ifer Charaeterization

Are r;oil boring/test pit logs ineluded?

Are geologie eross*ections ineluded?

79

Fias the extent of the uppermost saturated z,one
(aquifer) been rlefined? (YiN) /L

(Y/N) L
(Y/N) /v/

i

E rrrct



5.2 Is tltere evirlenee of confining (low perrncubilrty)
layers beneath the site?

If yes,

5.2.1 [s the areal extent and eontinuity indieated?

5.2.2 [s there any potential for saturated conditlors
(perehed water) to occur above the monitorer!
zone?

If yes, give details:

(Y/N)

(Y/N)

$t

( t_

rt.

s.2.3 What is the tithology d texture of
uppermost saturate zone (aquifer

,./ .*.r

,(

l.*/o
2

Wha t is the saturated thiekness, if indieated? 2

5.3 Wene statie water leveLs measured?

If yes,

5.3.1 How were ilre water levels measured (cheek method(s)).

5.2.4

o Electrie water sounder
o Wetted tape
o Air line
o Other (explain)

(Y/N)

(Y/N)

(Y/N)

a"ie ,/
/;-

5.3"? f)o fluetuations in statie water levels oecur?

If yes,

5.3.2.1 Are they aceounted for (eg. seasonal,
tidal, etc.)?

If yes, describe:
2

/li 4zcr.4, zt /7<- a/-z
-rr/a r ,z?..,-. r.rr-./.i. a

_2/
f)',' / tta-

80
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5..1. .l l{c:rc lrorizorrtul llrorrrr<l wrrtttr flrtw vt'lor:it rls
<le ter rrr irted'f (Y/N)

lf yes, indicate rate of inovement

6.0 Well Perfornt&nee

Are the monitoring weus sereened in the uppermost aquifer? (y/N)

6.1.1. Is the fuU saturated thiekness sereened? (y/N)

6.1.2 For single eompletions, &re the intake areas in the:
(cheek appropriate levels)

o Upper portion of the aquifer
o Middle of the aqurfer
o Lower portion of the aquifer

6.1.3 For multiple eompletions, are the intake areas open
to different portiors of the aquifer?

Do the intake levels of the monitoring wells appear
to be justified due to possible eontaminant
density and groundwater flow veloeity?

(Y/N)

(Y/N)

7.0 Cround-Water Quality Sampline

1

Z

(Y/N)

(Yi N)

(Y/N)

A/---T

L
L_

t_
/_

6.!

6.1"4

?.i Is a sampling (groundwater quality) prograrn and schedule
included?

?.2 Are sarnple colleetion field proeedures elearly ouilined?

7.2.L How are samples obtained: (eheek rnethod(s))

o Air lift pump
o Submersible pump
o Positive displaeement pump
o Centrifugal pump
o Feristaltic or other suetion-lift

pump
o llailer

7.2.2

-z
Are all wells sampled with the sBme equipment and
procedures?

If no, explain

{re provisions included to elean equipment aften
sarnpling to prevent eross-eontamination between
wells?

81

7.'2.3
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r\re organic eonstituents to be sarnpled? (Yi N)

I f yr:s,

7.2.4.L I Are samples eollected with equipment to
rninimize abosrption and volatilization? (Y/N)

If yes,

Deseribe equipment

8.0

8.1

Sample Preservation and Handling

7.2.4

Have standard sample preservation procedures been followed
(fittration and preservation where appropriate)?

Are samples refrigerated?

Are sample holding period requirements adhered to?

Are suitable eontainer types ursed?

Are provisions made to ship samples under eold eonditiors
(iee paeks, ete.)?

Is a ehain of eustody eontrol proeedure elearly defined?

Is a speeific eltain of custody form illustrated?

lf yes,

8.7.1 WiU this form provide an aecurate record of
sample possession from the moment the sample
is taken until the time it is analyzed?

Sarnple Analysis and Reeord Keeping

8.2

8.3

8.4

8.5

8.6

8.?

9.0

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)
9.1 Is sample analysis performed by a reputable, eertified

lab()ratory?

lndieate lab

9.2 Are analytieal methods described in the report?

9.2.1 Are analytieal rnethods approved by EPA?

9.3 Are the National Primary Drinking ltlater Stondards tested
for ?

9.{ .{re the required groundwatee quaiity pararneters tested for?
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(Y/N)

(Y/N)

(Y/N)

(Y/N)
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9.5 {re tlre required [nrlir'rrttrrs foc (iroulrrlwatcr ()ontarnination
prrrnrneters tested for'i

9.6 Are any analytieal par,rrneters deterntitred in the fielrl?

Irlentify:

o pl{
o 1'enrperature
o Speeifie eonduetenr:e
o Other (describe)

(Y/N)

(Y/N)

9.? Is a ptan ineluded tc record inforrnation about each sample
collected during the groundwater monitoring progrsm?

9.7.1 Are field activity togs ineluded?

9.7.2 Are laboratory results included?

9.?.3 Are field proeedures reeorded?

9.7.4 Are field parameter determinatiors included?

9.7.5 Are the namqs and affiliation of the field personnel
inetuded?

9.8 Are statistieal analyses planned or indieated for all water
quality results?

9.8.I h an analysis prograrn set-up whieh adheres
to EPA guidelines?

9.8.2 [s Studentrs t-test utilized?
lf other analysis procedure u.sed, identify

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

(Y/N)

9.8.3 Are provisions made for reporting analysis reports
to the Regionat Administrator?

10.0 Site Verifieation

(Y/N)

10.1 Plot Plan indieating the locations of various faeility
cornponents, ground-water monitoring wells, ancl surface water
streams, lakes and wetlands.

l.0.1.L Is the plot plan used for the inspeetion the same as in
the monitoring plan document? (Y/N)

lf not, exr)lairr
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I 0. t.2 Arr: ail of ttre c()rnp()nL'nLs rrf 11-tn f l<:rlitV irlentif ie<l
<lrrrirrg the irrslr,',:t rorr arl<J.r:.iscrl irr ttre rnonitoring plan
rloeu rn ent '.'

lf not,,explain

10.i.3 Are t L)[e ruty streams, lakes or wetlunds on or
adjaeent to the site?

(Y/N)

(Y/N)

If yes, indieate from waste handling areast Lt

C tt, 1i'-(.?

i0. r.4 Are there any signs of water quality degradation
evident in the water bodies or streamsl

lf yes, explain

(Y/N) /A

10.i.5 Is there any indieation of ctistressed or dead
vegetation on or adjacent to the site?

lf yes, explain

(Y tN') l/

10.1.6 Are there any signifieant topographie or surfieial
features on or near the site? (Y/N)

If yes, explain
i/r

10.1.? Are the monitor well locatiors and numbers in
agreement with the monitoring plan document?

If no, explain

lt/r

(YlN)

10.1.7.1 tVere locations and elevations of the monitor
wells surveyed into some
known datum? (y/N)

If not, explain

10.1.7.2 Were the wells sounded to determine total
depth below the surface?

lf not, explain
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10.1.7.3 Were tliserep&n(ii(]s in total depth greater than
two fcet apparerrt in tury well? (y/N)

If yes, explain /r'rt- ,
v

2.2<:

10.1.8

10.1.9

Was ground water eneountered in all monitoring
wells? (Y/N)

If not, indieate whieh we[(s) were dry

Were water level elevations measured during the site
visit? (Y/N) -L
If yes, indieate well numb and water level elevation

/t

+f-aot rrptain (
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APPENDIX H

STATISTICAL TEST RESULTS
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UTILIIED FOH IHIB APPROIII'IAIIOI'I OF A POPULATIO}I Ig DISCUBSEO IN

'lt'ITR0DUCTI0H lfl giATI$IIIAL A}{ALY$lSu 0lI0}l' H'J' Al{0 I'lAtSEY' F,,],
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